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LASERS AND MASERS

UDC 621.311.6:621.373.826
LASER TOWER SUPPLIES

Moscow TSTOCHNTKT PITANTYA LAZEROV in Russian 1980, signed to press 27 Scp
19 pp 2-4, 102

| Annotat ton, forcword and table of contents from book by Vladimir Mikhaylo-
vieh Vakulenko and Lev Pavliovich TIvanov, Izdatel'stvo Sovetskoye Radio,
10,000 coples, 102 pages]

IM'ext] Electrical circuits are discussed, designed to enable the operation
of lager emitters in the continuous and pulsed modes. Principal attention
ts patd to questions relating to the design of power supplies for solid-
state and gas lasers. A description is given of circuits for charging
unfts and control systems and their functional components having improved
nolse {mmuaity and precision of response, as well as of practical circuits
for power supplies with an indication of features of their design and
operation.

This book is intended for a wide range of speclalists involved in the
development and operation of lasers.

Foreword

The contemporarvy stage in the development of laser technology 1s character-
- 1zed by a steady growth (n the number of developments of laser units and
furtruments for vartous purposes, by the expansion of their industrial
oitput and by their Introduction in many areas of science, engineering and
production. The laser has become an irreplaceable means of improving the
cflfteiency of scientific investigations, labor productivity and the quality
of praducts manufactured.

According to the customary definition, a laser consists of an emitter and
n power supply. Depending on its purpose, the structure of a laser unit
can 1nclude, in addition to the laser, an optical-mechanical unit, equip-
ment for controlling the laser emission, equipment for measuring and sta-
bilizing emission parameters, a cocling unit, automation equipment and the
lMke. Each of these functional components plays an important role in en-
surlng a specific capacity for work of the unit.

1
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This book is devoted to questions relating to the development of power

- supplies for different types of lasers for industrial purposes, Informa-
tion on the design principles and key features of laser power supplies can
he found {n a mumber of studies on laser technology [1-3]. Literature is
avallable which can be used in developing individual functional components
of power supplics. But the principal information on the electrical cir-
cults, characteristics and parameters of laser power supplies is contained
{n numerous domestic and forelgn periodicals, is reflected in part in ad-
vertlaing material or is presented in accompanying technical documentation
for praducts manufactured by industry. This fact creates not a few diffi-
cultics both for developers of these power supplies and for specialists in-
volved {n the operation of laser units.

Systematized and generalized data on lager power sources will make it
possible, the authors believe, 1if not to utilize completely the solutions
sugpested, then at least to choose the direction for development. Tt is
exactly this which 1{s the purpogse of this book. Principal attention is
pald to a description of practical circuits for power supplies and for the
most I{mportant (ndividual functional components of which these supplies
conglat.

A description is given of the methods and circuits for firing the gas dis-
charge units included in the structure of laser emitters. Various methods
are diacussed, of converting voltage sources into current sources, since
the external characteristic of the latter ensures stable powering of the
pas discharge and minimal power losses in the charging of the capacitive :
energy storage elements which are used in pulsed power supplies. Circuits )
and key calculation equations are presented for selecting elements of the 1
discharge circult of a pulsed emitter and the charging devices for capa-

clitve energy storage elements.

Interaction of the functional components of power supplies is governed by
the control gyntem, which ensures the accuracy and stability of parameters
nnd the output and synchronization of signals, and assigns the kind of i
operation for the laser emitter. Along with the general principles for
the deaipn of converting equipment, in the development of power supplies !
for laser emitters a number of specific requirements arise, occasioned by
the distinctlveness of the volt—ampere chararteristics of emitters and
v features of their operating modes. Of these requirements the principal
ones are discussed in describing the circuits of power supplies for solid-
atate, gas and semiconductor lasers. The majority of the circuits pre-
sented for power supplies have passed tests under laboratory and production
conditions and have earned good recommendations.

The authors thank the reviewers, candidates of technical sciences A.L.
Vanserman and V.T. Pghenichnikov for their valuable comments made in pre-

paration of the manuscript and Candidate of Technical Sciences E.A. Lukin,
on whose initintive this book was written. Great assistance was rendered

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2

FOR OFFICIAL USE ONLY

to the authors in formation of the manuscript by Ye,Ya, Borodulina and
L.S. Pavlova.

- We requeat that comments and remarks on the content of this book be sent
1o the addrean of Tzdatel'stvo Sovetskoye Radio, Moscow, Glavpochtamt,

alya 6973,
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UDC 621,378
NONLINFAR OPTICAL PHENOMENA IN ORGANIC COMPOUNDS

Kiev NELTNEYNYYE OPTICHESKIYE YAVLENIYA V ORGANICHESKIKH SOYEDINENTYAKH
{n Rusaian 1979 sligned to press 20 Apr 79 pp 4-6, 382-383

fAnnotat {on, foreword and table of contents from book by Yevgeniy Alek-
aandrovich Tikhonov and Marat Terent'yevich Shpak, Izdatel'stvo Naukova
Ppumka, 1000 coples, 384 pages]

[Text] In thia monograph are discussed phenomena which take place in
molecular crystals and liquids when they interact with strong electro-
magnetic flelds in the optical band. An investigation is made of the
mechanisms of processes of induced emission, which are based on lumi-
nescence, Raman gcattering and the generation of optical harmonics.
Conslderable attention is paid to the material aspect of the problem and

to the practilcal method, associated with it, of implementing various

types of frequency-tunable lasers. Tor total comprehension of the material
in the hook 1s included basic jnformation on classical spectToscopy and

- the luminescence of organic compounds.

ntended for sclentific personnel; graduate students and students speclal-
{zing In quantum electronics and nonlinear spectroscopy.

Foreword

Organie compounds are of exceptionally great importance in nature and in
man's practical work, Thelr use in photography, medicine, light industry,
nuclear engineering, etc., is well known. In spite of the complexity of
thelr atructur:, molecules of dyes have been the subject of numerous in-
vesl Igatlons by scieuntlsts. Indeed, an entire epoch of investigations of
the photophysical properties of these compounds is associated with the
names of the Soviet physlcists 8,1, Vavilov, V.L. Levshin and AN, Terenin,

The development of quantum electronics has remewed interest in the study
of dyes, but on a new sclentific methodology and practical base. The
offect of nonlinear optical absorption discovered by S.1. Vavilov in the
"prolager era" formed the basis of the operation of passive laser Q
nwitehes (1964), This successful application, which made it possible to
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fncrease the radiated power of solid-state lasers to several dozen mega-
watta, was followed logically by the experimental discovery of the effect
of the generation of light in molecular solutions of dyes (1965-1966) ,
which had been preceded by successful theoretical research, primarily by
the studies of Soviet pliysicists headed up by B.I, Stepanov. It is in-
terenting to emphasize in this connection that the princilples, known up to
that time, of gclecting active media of promise for lasing did mot

point toward solutions of dyes, with their broad luminescence bands.
Therefore, the first experiments which ultimately proved to be successful
were formulated on a different theoretical basis, i.e., the detection of
induced Raman resonance scattering in these systems.

The new vast range of application of dyes in quantum electronics, unlike
thelr technolopical utilization, requires good knowledge of the electron
vibrational structure of complex molecules and of the interaction of these
systems with strong optical fields.

Under condltions of the tapid introduction of the results of scientific
atudies inte the practical sphere, even today lasers employing dyes have
been the mubject of production and use on a growing scale. - Dyes with the
mont diverse kinetlc and spectral parameters are required ror developers
of practical systems. The problem of the purposeful creation of dyes
antigfyling the various requirements of practical application can be solved
fn the process of the accumulation of spectroscopic information when work-—
Ing with the systems available.

This monograph offers the required information to the investigator using a
laser employing solutions of dyes with its highly diverse properties and
capabilities. TIn this book are discussed questions relating to the class-
fenl apectroscopy of complex molecules (chap 1), which cregtes the basis
for a discussion of nonlinear absorption, amplification, lasing and
superfluorescence (chaps 2 and 3). In chap 4 are presented data on the
many-photon {nteraction of 1lght with molecular solutions and crystals

of organic compounds (Raman scattering, generation of harmonics and wany-
photon absorption).

Since the subject matter of this study belongs to a swiftly developing
tield of knowledge, 1t 18 obvious that by the time of its publication
casent {nlly new results will Lave been obtained regarding the generation
of light in the gas phase of complex molecules, lasers utilizing dyes
with new optical pumping sources, lasers with distributed feedback, many-
photon processcs, elc,

The authors express their gratitude to thé colleagues together with whom
they arrived at an understanding of many of the questions discussed.

5
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unc 539.1

OPIICAL. RESONATORS AND THE PROBLEM OF THE DIVERGENCE OF LASER EMISSION

Mosicow OPTICHESKIYE REZONATORY I PROBLEMA RASKHODIMOSTI LAZERNOGO IZLU-
- CHENIYA fn Russian 1979 signed to press 29 Oct 79 pp 2-5

- [Annotation and table of contents from book by Yuriy Alekseyevich Anan'yev,
Izdatel'atvo Nauka, 4000 copies, 328 pages]

[fext| [n this book are discussed the fundamentals of the theory of opti-
enl resonators and factors governing the divergence of laser emission are
dlacuaned. Principal attention is paid to the problem of producing narrow-
beam emission: information is presented on various methods of reducing

- anpular divergence, Diacussed in the greatest detail are the properties of
Insers with so-called unstable resonators, and methods of calculating and
opt-imizing them ave discussed; the features of circuits used in various
laser unlts are discussed. 1In this book is also presented some information
on the reasons for the origin of and the nature of optical inhomogeneities
fo the active medium, as well as on methods making it possible to lessen
the influence of these inhomogeneities. '
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upC 621,373.826

THE PROPAGATTON OF LASER ABSORPTION WAVES WITH EXPOSURE TO RADIATION AT A
WAVELINGTH OF 10.6 MICROMETERS

Moncow KVANTOVAYA ELEKTRONIKA in Russian Vol 7,No 6, Jun 80 pp 1236-1240
manugeript received 26 Oct 79

[Articie by A.A. Bakeyev, L.I. Nikolashina and N.V. Prokopenko]

[Text] The results of an experimental study of the
parameters of laser absorption waves (LVP) which
propagate with exposure to radiation at a wavelength
of 10.6 micrometers in a range of power densities

of q =2 to 10 MW/cm? are given. The data obtained
on the developmental dynamics, the temperature, the
optival properties and the pressures at the target
and in the plasma are compared with calculations of
LVP parameters based on the theories of light detona-
tion and subsonic radiation waves (DRV). The conclu-
afon 1g drawn on the basis of the comparison made
that an LVP which propagates with the action of radia-
tion at A = 10.6 micrometers is a subsonic radiation
wave. The existing quantitative lack of agreement
between the experimental and theoretical data is
explained by the existence of a mechanism which in-
creases the gas mass capture rate, w, by the radia-
tion wave. Nonequilibrium heating of the electrons
and turbulization of the gas flow at the subsonic
radintion wave front can serve as possible mechanisms
for 1increasing w.

An increase in the rate of laser machining of a material can be achieved
by boosting the radiation flux density, q, at its surface. However, with
an Increase in q , absorption waves appear close to the surface of the
materlal in the ambient air, where these waves are sustained by the

1ager radiatlion, and which we shall call laser absorption waves (LVP's).

) X 12
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The presence of a laser absorption wave sharply reduces the processing
off fetency, and for this reason, a study of the physical mechanisms of
thetr vceurrence and propagation 1s of practical interest for the opti-
mizat fon of technologlcal processes.

It was shown in papers |1-3] that with the action of radiation at A =
~ 10.6 ym on opaque materials, LVP's occur at radiation fluxes of

q > | MW/cm?. A number of theoretical models have been proposed to
deser lbe the propagation of LVP's In a gas: light detonation (SD) [4],
radiatfon wave |[5] and “slow" combustion [4].

The data on the various aspects of infrared radiation on opaque materials
have been given in the literature [1-3, 6-10]: on the propagation veloc-
itien of the LVP front, the pressure at the target, the integral spectral
charactorist fes and the brightness temperature of the plasma flare -

bul these do not permit an overall comparison between experimental re-
aultn and the re.ults of calculations based on the various models. This
In related to the lack of data on the equilibrium temperature and the
aptical propertles of the LVP plasma for a single experiment. This

paper 18 devoted Lo a comprehensive study of the parameters of laser
abyorpt fon waves for the purpose of comparing the results obtained with
ex Ist Ing theoretical models,

Figure 1. The lasing pulse waveform for
an electrical dischrage CO)
laser.

An electrlea!l discharge CO2 laser with a pulse energy of up to 50 .J
(Figure 1) wns used in the experiments. No more than 15 to 20% of
the overall energy was contaloed in the leading small lasing peak,
and the power fn it was three to five times greater than the average
pulue power. The base pulse width was 2.5 to 4.0 usec.

The taser radiation was converged by a lens having a focal distance of
100 ¢m onte the surface of an aluminum sample in a rectangular spot

with dimensfons of 1.2 x 1.2 em. The energy distribution in a 0.8 x 0.8
em central portion of the spot was rather homogeneous. The values of

the average Instantaneous radiation power density over the spot, gy,

were computed From the measurement data for the timewise course of the
lasing and energy Falliog in a spot with a diameter of 1 cm. The average
value of the radiation flux density over a lasing pulse, § was taken as
equal to the ratio of the radiation energy in a 1 cm diameter spot to

13
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{ts area and the puise width. According to the estimates, the error in
the detorminat fon of the values of q and qp amounted to + 20 percent.

The quantity q was varled in the experiments in a range of 2 to 8 MW/em?,
The veloetty ol the plasma flare front was determined by means of a

type SFR |streak camera| photo recorder operating in a slot scanning
mode with a record speed of 3.0 km/sec. The timewise tying of the photo-
sesmns Lo the lasing pulse was realized with a precision of + (.2 psec.

The space-t ime distributions of the temperature in the plasma flare was
measured by means of a self-illuminating circuit [11], mounted on a
common axlis with the SFR, which took frame by frame photographs of the
flare in a spectral range of 488 + 2 nm at a rate of 2 frames per usec.
The utilization of a mirror raster in the self-illuminating circuit made
{1t possible to obtain In one frame of a SFR photograph with a spatial
renolut ton of 0.1 em information on the brightness and optical thickness
ol the Tlare In a direction perpendicular to the laser beam. The bright-
ness temperature Tp and the equilibrium temperature Ty [based on

Kirchof f's 1nw were dotermined from these data, as well as the absorp-
tton coelficient of the plasma in the selected spectral range.

The recording of the radiation spectrum >f the axial region of the flare
was accomplished with a spatlal resolution of about 0.1 cm and a time
resotut fon of about 0.5 usec using the procedure described in detail In
1121. Absolute valucs of the radiation intensity during the recording
of the apectra and the self-illumination of the plasma were obtained by
means of a type EV-45 calibrated light source. The timewise curve of
the pressure on the surface of the target at the center of the irradia-
t lon spot was recorded by a rod plezoelectric transducer 0.3 cm in
dimmeter with a time resolution of no worse than 0.8 usec.

1t wan determined in experiments to study the dynamics of plasma flare
dovelopment that when @ > 2 MW/cm2, the laser absorption wave arises at
the surface of the target no later than 0.2 psec following the onset of
the laning pulsc. Primary attention in this paper has been devoted to
the study of the LVP parameters during the action of the laser pulse.

Meanured values of the flare front propagation velocity vg are plotted
in Fipure 2 as a function of q¢, as well as the calculation results
based on the Hght detonation theory of [4] and the subzonic radiation
wave Theory (DRV) of [17]. Tt follows from Figure 2 that, first of all,
the measured values of vy are uniquely determined by 93> and secondly,
the cxperimental curve for vy (q¢) is positioned between the curves
computed from the indicated theoretical models.

14
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Figure 2, The flare front propagation velocity vg as a
function of q¢.

Key: 1. The experimental curve;
2. Calculation based on the subsonic radiation
wave model [17];
3. Calculation bzsed on the light detonation
theory [4].

The points designated with identical symbols
correspond to measurements of vg during a single
lasing pulse.

A. vy, km/sec;
B. q¢, MW/cm2,

T R T Ry Ryl C)

Fipure 3. The timewise curve for the brightness (1, 2, 4) and
cquilibrium (3) temperatures of the plasma.

Key: 1. A = 500 nm;
2. 2 = 400 nm;
3,4. A = 488 nm (self-transillumination);
A. t, microseconds.

An analysis ol the time resolved spectra showed that throughout the
fnvest igatoed wavelength range (380--680 nm), the radiation spectrum of
the flare duripg a lasing pulse is determined by the continuous back-
pround radiation and the radiation of the strongly widened lines of the

15
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atuply charped Tons of nitrogen and oxygen. Tt was also cstablished
that the Hoes of Tonfzed alr appear no later than 0.5 psee (the ex-
posure tlme ol the apectra) after the onset of lasing, while the lines

) of the target materlal are not present.

. The value of Ty, of the plasma immediately behind the LVP {ront was

determined from the [ntensity of the groups of lines positioned in the
spectral reglons of 400 + 20 nm and 500 + 20 nm, i.e., there where the
briphtness temperature reached the maximum value. The results of these
measurements For various points In time during the lasing pulse, as well
an a comparison of them with Te, obtained by the self-illumination method,
are shown in Figure 3.

- Az can be scen from Flgure 3, the values of T determined from the
intensities of the lines, are in agreement within the limit of experi-
mental crror with the corresponding values of T, obtained by the self-
iHluminat fon method. The valueg of Tp found from measurements of the
W radfation intensity In a range of 488 + 2 nm are (2--3) * 103 °x
below the corresponding values of Ty, where a tendency towards an in-
creanc in the difference is observed towards the end of a lasing pulse.
It should be noted that desplte the substantial change in the laser
racltat ton Intensity during a lasing pulse, the value of the plasma
temperature behind the LVP front changes to an insignificant extent.
The data obtalned in this work on the slight dependence of Ty and Te on
§i are In agreement with the results of paper [5].

Figure 4. The coefficient of absorption for the continuous
radlation behind the LVP [laser absorption wavel]
front (1) and in the zone between the LVP front
and the target (2).

Values of the continuous absorption k in a spectral range of 488 + 2 mm
which were found by the transillumination of the plasma flare with its
own radiantion in o direction perpendicular to the laser beam are shown
in Figure 4. The data on k apply to a plasma located directly behind
the LVP front and to a plasma in the region between the target and the
1VP front. 1In this region, the measured values Te and Ty arc approx-
imately 2 - 103 °K lower than in the region immediately behind the LVP

16
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front, In whlch casc the drop in Tp with time takes place more rapidly
than follows from Figure 3.

Figure 5. The curve of pg as a function

\gproom om P (Bars) of q.

2 s

16| ] e Key: 1. Experiment;

2] //’ ) ] 2. Calculated from the

1N Pt MW/ cm” subsonic radiation wave

" Z log q theory of [5];

0 02 04 06 Lgg(MBmfem’) 3., Calculated from the light

detonation theory of
[4].

By using the calculations for the optical properties of air in [13],

the pressure and the absorptlion coefficient xjp.6 at the laser radiation
wavelenpth can be estimated from the values obtained for T and k. It
follows from the estimates made in this manner that the pressure immedi-
ately hehind the front reaches a level of py = 100 bars, and in this case,
the abuorption coefficient amounts to x10.6 = 80--100 cm~1. The data
piven for Ty, T, and k apply to T = 3 MW/cm2 (the maximum values of the
radint fon power density reached q = 5 MW/cm2) .

R

Thus, (L follows from the measurement of the optical properties of the
plasma flarce that the l1iberation of laser radiation energy occurs in a
narrow layer, the width of which (2 = 102 cm) is much less than the
transverne dimenslons of the irradiation spot (Rp = 0.5 cm).

The measured max imum values of the pressure pg at the surface of the
target are shown in Figure 5 as a function of the maximum values of the
radiation flux density. Also shown there for comparison is pg as a func-
tion of 4, computed from the subsonic radiation wave [5] and the light
detonat fon [4] models. In the case of the calculations of pg based on
the gubsonie radlatlon wave model, the pressure in the flare was consid-
vored to be steady-state, while to calculate the pressure at the target

In the light detonatlon case, the following formula was used which is
piven In paper |14]:

. (P
P,zl’o[—‘(v2;l)] T

where y Is adiabatic exponent of the gas; pg is the pressure behind the
- light detonat fon wave front.
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As can be seen from Figure 5, the measured curve for ps as a function of

q can he approximated by the expregsion pg ™ q2 3, something which is in
apreement both with the light detonation model and the subsonic radiation
wave model. However, the cxperimental curve based on the absolute value

falim between the computed ones.

The whdth of the energy liberation zone in our experiments was much less
than the size of the [eradfated spot, while the height of the flare rise
al the inftlal points In time of exposure did not exceed its diameter.

This makes Lt possible to compare the resulting experimental data with the

resnlts of caleulations based on one-dimensional models. Given in the
Table are measured values of the LVP parameters, as well as their calcu-
lated values hased on the 1ight detonation and subsonic radiation wave
models: for q = 5 MW/em?2. As can be seen from the Table, the measured
values of the 1P parameters differ from those calculated based on both
modeln,

TABLE
Theory Teopus
Parameter  itapamerp L AkcnepaMenT
cah. 10 | P80 lpyperigent
np. xuje fom/sec ()36 |(2) 2.2 2.8
Ip-10-3, K °K 7%5 36 16
. B 65 37 100 (ouexa
pe fap baxs 0 37, 50 tétinate)

Key: |. Data according to the light detonation theory
4, 1413

2. Data according to the subsonic radiation wave
theory [5].

The hydrodynamlc mechanism for LVP propagation (1ight detonation) pre-
suppones the eapture of unperturbed gas by the shock wave and its gub-
nequent heat tog by the laser radiation, f.e., the mass of the heated
pas s completely determined by the velocity of the shock wave, which
matches the velocity of the luminescent front, and the density of the
gan through which It propagates. For this reason, such a great differ-
enee o the computed and measurcd values of the plasma temperature in
an LVP makes It possible to assert that the Jight detonation made is
not reallzed tn our experiments.

A shock wave which propagates opposite to the laser radiation is also
penerated in the subsonic radiation wave mode. The luminescent LVP

18
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front, In accordance with this model, propagates through a shock com-
pressible gns, but one which is transparent to laser radiation. 1In

this case, the propagation velocity of the laser wave is somewhat less
than the shock wave velocity, while the capture of the heated gas mass

Iuw determined by the radiation transfer from the LVP plasma. The lack

ol apreement between the measured and computed values of the temperature
based on the subsonic radiation wave theory is explained, in our opinion,
by the fact that there exist other mechanisms along with the radiation
mechanism for LVP propagation which are capable of increasing the capture
of the heated gas mass, and consequentiy, capable of reducing bhe plasma
temperature behind the LVP. It should be noted that for the measured
values of T, the velocity of sound in the plasma does not exceed the

LVP front velocity by much, i.e., the hypothesis concerning the steady-
state nature of the pressure in the plasma may not be observed.

It Iu proposed in paper [15] that vortex formation in the gas flow at
the LVP front be treated as one of the possible mechanisms for the
Increase in Lthe capture rate of the gas mass, w.

Another possaible mechanism for increasing w can be nonequilibrium
bheating of the electrons in the electromagnetic wave field ahead of the
subronie radiation wave front. In accordance with [16], the separation
of the electron temperature Tel from the heavy particle temperature T,
ih the optical frequency range of the electromagnetic field increases
with an {ncrease in the quantum energy. It is possible that this ex-
plains the enormously better agreement between the calculations based on
the subsonic radlation wave theory of [17] and the experimental data of
151, obtatned for radiation at a wavelength of 1.06 um.

We will note that plasma nonequilibrium can he substantial only ahead
of the radiation wave front. According to estimates, at the end of
the cnergy liberat{ion regfon, starting with which the measurements of
the paremeters were made, the plasma reaches a state of local thermo-
dynamic equilibrium.

Bascd on the experimental studies which have been performed and the
aunlysls of the rosults obtained, the conclusion can be drawn that to
describe a subsonle radiation wave propagating with the action of laser
radiatlon at A = 10.6 ym in a range of q = (1--10) MW/em?, ove should
draw on the mechanism of additional gas mass capture besides the trans-
fer of cont Invous spectrum radiation.

The authors are grateful to R.Ye. Rovinskiy for his consulation and
mak lng, it possible to perform the experiments with a CO2 laser, as
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well na to A.P. Sobolev and T.V. Nenchinov for the useful discussion
of the results obtained.
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UnC 621.373.826.038.823

CHARACTERISTICS OF THE LASER RADJATION OF A PULSED PERTODIC CO2
LASER WITH A CLOSED GAS CYCLE

Moncow KVANTOVAYA ELEKTRONIKA in Russian Vel 7,No 6, Jun 80 pp 1186~
1190 manuscript recelved 20 Aug 79

[Article by A.A. Vedenov, S.V. Drobyazko and M.M. Korzinkin, Institute
of Atamte Encrgy Imend T.V. Kurchatov, Moscow]

[Text] The characteristics of the laser emission

of a pulsed perlodic COp low pressure laser with a
¢losed gas cycle and an average power of 1 KW are
given. 1t is experimentally demonstrated that it

{s posslble to increase the laser pulse width by
shifting the ax1s of the resonator down stream rela-
tive to the flow with respect to the axis of the
dIshearge in the case of a subsonic flow of the gas
mixture. A laser pulse width of 300 microseconds

iu obtafned with a current pulse width of 1.5 micro-
seconda, ’

The applicatlon of puise periodlc C02 lasers (Co2 TPL) to the dimensional

machIning of varlous materials has proved to be of little effectiveness
becaunse of the occurrence of a dense plasma ahead of the target [1, 2],
which nbaorbs n gignificant portion of the laser pulse energy. One of
the ways of climinating this phenomenon is increasing the laser pulse
whith while maintaining its overall energy and reducing the percentage
of the energy In the leading edge of the power pulse, in the "little
penk”.  This s achieved by reducing the percentage of the €02, increas-
{np the precentage of N2 in the mixture and improving the Q of the
rosonator  [3-5]. A similar result was obtained In paper [6] by re-
placing the Ny molecules with €0, the rate of transfer of the excitation
from which to the upper lasing level of CO2 is an order of magnitude
lower than for nitrogen. A maximum laser pulse width of tp = 150 usec
with anexcitation pulse width of approximately 1 usec was obtained in
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papers [3, 6] with a stable resonator where the reflection factor of
the ontput mirror was 95 to 98 percent. When working with such a
resonator in the pulsed periodic mode, the thermal loading of the
mirrors hecomes too great.

W

Another possible way of increasing the laser pulse width is shifting
(he axis of the resonator downstream with respect to the flow and with
respect to the nxlis of the discharge. This method was used in an IPL
with a supersonic gas mixture flov and made it possible to achieve
emiusion pulses with a width of up to 43 usec [7].

The characteristics of the laser emission of a low.-pressure IPL with
n ¢losed gas cycle are given in this paper, and the possibility of
auhstuntinlly Increasing the laser pulse width by means of shifting
the axlis of the resonator downstream beyond the discharge region with
a subsonle gascous mixture flow is experimentally demonstrated.

The experiments were performed on a CO2 periodic pulsed laser with a
closed gas cycle. The working mixture was pumped through in a direc-
tton perpendicular to the electrical field of the discharge and the
optical axis by means of two 2 DVN~-1500 pumps with a volumetric rate

of flow of 1,500 1/sec each. The total volume of the gas circuit
amountsto 2 w3 and the leakage infiltration is no more than 0.1 mm Hg/br,
nomething which makes 1t possible to perform service 1ife tests on the
laser. An electrode system with a plasma cathode aand ultraviolet pre-
fonlznt in, described in paper [5], was used to produce the pulsed glow
dischorge In a volume of 4 x 4 x 50 em. The resonator consisted of an
ene Loned mirror 60 mm in diameter with a radius of curvature of 10 m
conted with gold and a flat germanium plate with a dielectric coating
and having a reflection factor of 85 percent. The radiation flux onto
the reflectors was Jimited by a square diaphragm 4 cm on a side. The
meanuroment of the current J and the voltage U across the discharge
gap. the encryy # and the lasing pulse waveform as well as the determ~
fnat fon of the specific energy fnput W and the ratio E/p for the
discharge (E 1s the electrical {ield intensity and p is the pregsure
of the working mixture) were accomplished using the procedures described
in papers |5, 8]. To measure the small signal gain k, a circuit was
aaed whieh Is similar to that described in paper [9], which makes it
posaible to record the level of the amplified and unamplified signals
with a single oscilloscope (Figure 1).

The measured values for the maximum small signal gain kygx over a pulse
as o funct fon of the CO2? content in the mixture (N2:He = 1:1) with
congtanl apecific energy jnput of W= 300 J/(1 - atm) and p = 80 mm Hg
(curve 1) and as a function of the voltage across the storage capacitor,
i, for a mixture of C02:Np:He = 10:45:45 (curve 2) are shown in
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Figure 2. Also shown in it is the specific energy imput into the dis-
charge W, as a function of the voltage across the storage capacitor
when Cyg = 0.2 microfarads and p = 80 mm Hg (curve 3). The curve for
kmax as a function of the specific emergy imput (curve 2) is in quali-
tative agreement with that obtained in paper [10]. The deviation from
the 1linear rise in kpax in paper [10] begins at an energy input of 0.085
eV per molecule of the CO2 + N2 mixture, while saturation begins at

0.2 eV for a mixture of CO2:N2:He = 3:10:87 with a total pressure of 100
mm Hg. 1In our experiments for a mixture of C02:Np:He = 10:45:45 at

p = 80 mm Hg, the deviation from a linear rise in kpyy and the satura-
tion have an onset at energy inputs of 0.07 and 0.18 eV respectively.

Figure 1. Typical oscilloscope trace
of signals before and after

amplification.
Amanm ™! ( )W"w (rarn!
%5r 600

€B) Hz200
20 ) 25 Uyx8
g 0 F [0, %

Figure 2. The curves for kpax (1, 2) and the specific
energy input (3) as a function of the composition
of the mixture (1) and the voltage across the
storage capacitance (2, 3).

Key: A. W, J/(1 - atm);
B. Uy [capacitor voltage], KV.

The laser pulse width is shown in Figure 3 as a function of CO2 content
in the mixture for specific energy inputs of 300 J/(1 - atm) and various
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positions of the resonator axis with respect to the discharge axis. The
Increase in the lasing pulse width in the presence of the gas flow and
with the resonalor offset (curves 4 and 3) is explained by the fact that
when the pump-through is actvated, all of the excited gas passes through
the resonator regton, while without pump-through, only half of the
excfted gas Is In the resonator reglon. With a drop In the overall
pressure down to 40 mm lig (curve 4), the laser pulse width increases
bevaune of the drop in the rate of collision relaxation of the upper
lasing, lovel. To explaln the Impact of the resonmator position on the
laser pulge width In the absence of pump-through (curves 1 and 2), we
ahall consider the processes in the stimulated portion of the gas follow-
ing, the completion of the discharge. The energy expended for ionizationm,
the st imulation of the electron levels as well as for the excitation of
symmetrical and defomrational vibrations of the CO2 molecules changes to
thermal energy more rapidly or during the relaxation time for the 01°'0
level of the deformation mode of COz, since intramodal exchange and ex-
change hetween symmetrical and deformational modes as well as recombin-
ation and exst Inguishing of electron stimulated states occurs more rapidly
than does the relaxation of the 01'0 level. For our mixtures, when p =

~ 80 mm Hyg, the relaxation time of the 01'0 level amounts-to 6 to 9 usec.
The fraction of this energy from that put into the discharge depends on
E/p [11] and based on estimates amounts to 50 percent in our case.

tns heat Ing leads to the occurrence of gas dynamic separation at the
boundary with the cold gas, which decays into a shock wave and a rarefac-
ffon wave |12, 13]. The latter, in propagating through the heated gas,
leadn to an expansion of the heated plug and a reduction in the gas temper-—
ature and particle density in it. The characteristic half-1ife for k
along the dlacharge axis is 1.5 to 2 times less than at the edge of the
dincharge. ‘Thia is related to the greater density of the particles and
tempernture In the center of the discharge at the starting point in time,
gince at the edge of the discharge, the density and temperature of the
gan begin to (a1l off immediately following the relaxation of the 01'0
fevel, 1.c., after 6 to 9 usec in our case. When the axis of the reso-
nator coincides with the discharge axis (curve 1), the bulk of the ex-
cited pas in the lasing region is at a pressure of 80 mm Hg and the maxi-
mum temperature for the first 30 to 80 usec, something which leads to the
fast relaxation of the upper lasing level. For a resonator, the axis

of which coincldes with the edge of the discharge (curve 2), as soon as
after 20 to 30 psec, most of the resonator volume proves to be filled with
the active medlum at a reduced gas pressure and temperature, gomething
which reduces the relaxation rate of the upper lasing level, and conse-
quent by Increases the laser pulse width. We will note that when the
resonator 1s shifted downstream relative to the flow, there is more effic-
font relieving of the inversion from that portion of the excited gas which
expands downstream relative to the flow. Thus, only for the case of
operat fon with short laser pulses (Tp < 10 psec) can the gas be considered
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e mleroscconds

utr Figure 3. The laser pulse width as a
function of the CO2 content
in the mixture (Np:He = 1:1)
for a resonator, the axis of
which coincides with the
dishcarge axis (1) or is
shifted from it dowmstream
by 2 em (2-4).

o

150

Key: vy = 0 (1, 2) and
80 m/sec (3, 4);

P p = 80 (1-3) and 40
mm Hg (4).

ki

N T AN}

ntatlonary; for the case of operation with long laser pulses (1, 2 50 pusec),
i1 is necesanry to take into account both the expansion of the heated plug

- and thoe displacement of the gas as a result of the pump-through.

The iaser pulse energy as a function of the mixture composition without
pan {low-through where the resonator axis coincides with that of the
- digcharge 18 shown {n Figure 4 for pressures of 80 and 40 mm Hg. 1Tt can
be seen that the laser pulse energy falls off with a reduction in the
percentage of €02 {n the mixture and at 1.25 percent C02, is 30 to 50
percent of the maximum value. We will note that in the literature [3, 6]
- with a pulse width of 150 psec, the energy In a pulse amounted to only
10 to 14 percent of that obtained with an optimal mixture, something which
. s apparently related to the greater rate of depletion of the upper lasing
- level with a total working mixture pressure of p = 760 mm Hg. The optimum
i €0y concentration In terms of the laser pulse energy amounts to 20 percent
- in our cxperiments, however, in this case 20 percer: /of the pulse energy
s concentrated in the small power peak, which when the radiation is
focused causes optical flashover in front of the target which impedes 1its
machining.
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Flgure 4. The laser pulse energy as a function of the CO2 content
In a mixture of (N2:He = 1:1) for p = 80 (1) and 40
mn He (2); W= 300 (1) and 330 J/(1 - atm) (2).

TABLE

The Value of k and the Duration of the Existence of Amplifica-
tion of 1y at a Distance of 2 cm from the Discharge Axis Down-
strenm with Respect to the Flow (vgas = 80 m/sec).

p=80wmpr.cr. P = 80 nm Hg

(1) 10% CO- 5% €O, 1,5% GO,

e, wB Ak - -1 . -1 .

(2 aTm) k, w™b ] Ty MKe k, m Ty, MK L Tyo MKe
KV (2) (2) (2)
16 2100 1.2 415 () 550 | 630
20 J00 1.4 340 1.2 570 1.1 650
24 440 1.5 220 1.3 430 1.25 (i§l)
28 520 1.5 190 1.2 950 1.4 670

p=40 wu pr. ct. P = 40 mm Hg
16 130 1,4 580 1.6 700 | 0.9 50
20 520 1.5 520 1.7 700 i 700
24 700 1.7 420 1.8 760 1 720
2 930 1.6 260 ] 300 1 300
Key: 1. W, J/(1 - atm);
2. Ty, Usec.
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Figure 5. Oscilloscope trace of the current
(above) and the laser pulse
(below).

Horizontal sweep is 10 usec/div;

p = 80 mm Hg; Uy = 28 KV;

Cg = 0.2 microfarads; the mixture
is CO9:Ng:He = 5:47.5:47.5.

With an increase in the pressure of the working mixture, the laser

. pulse energy, as is well kbown, increases proportionally to the pressure,

i while its pulse width falls off in inverse proportion to the pressure.

‘ Since E/p in our experiments changes only slightly with pressure, the
energy distribution in a pulse between the little peak and the wide
portion of the pulse does not depend on the pressure. Thus, with an
increase in the pressure of the working mixture, the power at the target
averaged over the pulse increases as the sqaure of the pressure. For
this reason, pulse periodic lasers with a low working mixture pressure
(p £ 100 om Hg) are preferable to obtain efficient interaction with the
target. '

An analysis of the timewise dependence of the gain at the edge of the
distharge on the pressure, the composition of the mixture and the specific
energy input (s&z the Tsble) shows that with an increase in the dimensions
of the active medium along the resonator axis by a factor of two to three, -
the lasing pulse width can be increased up to 500 to 600 usec.

The laser radiation characteristics given in this paper were recorded,
as a rule, in the single pulse mode. A pulse repetition rate of up to
500 Hz when the working mixture is pumped through during operation has
no influence on the specific energy inmput, the laser pulse parameters or
the gain. A typical waveform of the laser pulse is shown in Figure 5.

With a volumetric rate of flow of 1.5 m3/sec and a pressure of 120 mm Hg
for a mixture of COy:N2:He = 10:45:45, an average power of 1 KW was
obtained for an overall efficiency of 5 percent and a service life of
40 minutes (e = 23, £ = 500 Hz).

Thus, the possibility of increasing the lasing pulse width of a CO2
laser by means of shifting the axis of the resonator downstream relative
to the flow from the axis of the discharge with a subsonic flow of the
gas mixture has been experimentally demonstrated. The resulting laser
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pulne width of 300 psec For a current pulse width of 1.5 wsec is a

new record. We will note that to obtain laser pulses longer than 100
psee with a reflection factor of the output mirror of 85 percent, it
In necessary Lo operate al low pressures of the working mixture (< 100
mm Hy) .

In conclusion, the authors would like to express their gratitude to
A.C. Borkin and A.A. Nekrasov for assisting in the performance of the
measurement .
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TIE INFLUENCE OF THE ACTIVE MEDIUM CHARACTERTSTICS ON THE OUTPUT POWER
OF AN ELFCTRICAL JONTZATTION CO2 LASER

Moncow KVANTOVAYA ELFKTRONIKA in Russian Vol 7,No 6, Jun 80 pp 1199-
12027 manusceript recefved 5 Sep 79

{Artlcle by V.Ye. Alekseyev, V.N. Grigor'yev, N.S. Klimov, A.S.
Myasnikov, A.V. Olenin and V.P. Tokarev, All-Union Electrical Engin-
oering naftute tmenl V.T. Lenin, Moscow]

[Text] Experimental studies were made of the influ-
ance of the composition and velocity of the gas
mixture and the position of the resonator on the
output power of a CW electrical ionization CO2 laser.
Opt imum relatfonships-are found for the components

of the pos wixture und the resonator position.

A qualltative theoretical explanation is given for
the results obtained.

Conslderable progress has been made at the preseﬁt time in the design
ol fast flow €02 lasers, which operate both in CW and pulse periodic
modea.  The output power of such lasers depends substantially on the
patameters ol the active pump-through medium.

Deapite rhe fmportance of thls question, there are no publications at

(he present time 1n which this influence is studied sufficiently
completely nnd systematically. The influence of the mixture composition
: on nome of the characteristics of the radiation pulse was studied in

- paper [1] for o sinple pulse mode. In paper (2}, a composition of

CO2:Np = 1:1 or 1:2 s called optimal for the pulsed mode. The optimum
“concentratfon of €02 amounted to six percent in the CW mode in [3] for

an vlectricol discharge laser with a helium free mixture of air and

€0y, while the figure was three to four percent in [4] for similar condi-
t{ons,
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The experimentally obtained functions of the output power in the CW
- mode of an electrical fonlzation CO2 laser as a function of the composi-

tion and pump-through veloetty of the gas mixture are given o this
paper; the opt lmum posftion of the resonator axis relative to the pumplng
reglon Ia determined.,

The Experimental Set-Up

The dimensfons of the active pumping reglon of the working mixture were:
Tength 80 cm, height 3.2 cm and the width of the dishcarge region was
determined by the width of the electron beam exiting the electron gun

and was equal to 5 cm. The discharge cavity of the pumping region was
formed by n cathode which took the form of a copper rectangular plate
coaled around the perimeter having holes 3 mm in diameter and spaced 4 wm
apart. The foll assembly of the electron gun was installed above the
cathode (Flgure 1). The high energy electrons (150 KeV), in passing
through the alumfnum foll and through the holes in the cathode enter the
pumping reglon and {fonize the gaseous mixture, making it conductive. The
aode conststed of 10 plates insulated from each other having dimensions
of 16 x 4 cm, and arranged in two rows underneath the cathode. FEach of
the plates was connected through a 250 ohm resistor to the positive
terminnl of the power supply.

FMgure 1. Schematic of the discharge
chamber.

Key: 1. Cathode;

. Anode;

3. Housing for the eclectron
gun;

4. Cathode assembly of the
electron gun;

5. Foil assembly of the clec-
tron gun;

6. Resonator;

7. Gas flow;

N

I, is the displacement of the
resonator axis downstream
in the gas flow relative to
the anode axis.

An open Lype pas dynamic channel consisted of gas tank ramps for nitro-
gen, hellum and carbon dioxide gas, with 10 tanks each per ramp. The
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pas was fod from cach ramp through a reducer and cutoff valve to the
mixing chamber. Each gas passed through a critical section at the

tnput to the mixing chamber, the size of which was determined with an
nccuracy of 10 percent of by means of calibration blow-throughs. By
changing the gas pressure ahead of the critical section in a range of

I to 30 ntm, [t was possible to change the composition and velocity of
the gas mixture in a wide range. The pressure was regulated in the
dizcharpe chamber (RK) by means of a variable crogs-section diaphragm,
Inutalled after the discharge chamher at the input to the bhallast tank
having a volume of 128 mJ3, and in the majority of the experiments was
nbout 8% mm lg, something which was determined both by the gas dynamic
capabilitics of the set-up and by the electron current density, limited in
the stendy-state mode by the strength of the foil window. Measurements
of the dlacharge current and voltage as well as the operational time
woere made using an H-15 oscilloscope. The same oscilloscope was used

fo measure the current distribution over the sections of the anode. The
voltage pulsations in the discharge did not exceed 5 percent and the
current pulsatlons did not exceed 2 percent.

A stable resonator consisting of two spherical mirrors, the radius of
curvature of which was 8 m with a diameter of 90 or 60 mm and a beam

hole of 16 or 10 mm respectively was used in the experiment performed
here. The radlation cnergy was measured by means of a calorimeter, which
took the form of a massive aluminum cone with a vertex angle of 20°

which wae thermally insulated from the environment. The temperature
d1fforence hetween the cone and a specially thermally insulated metal
plate was measured with a chromel-copel thermocouple, the e.m.f. of

which was measurcd with a type F-116 microvoltmeter. The radiation was
brought out Into the atmosphere through a NaCl window.

The Experimental Procedure and Conditions

Thoe ballast volume and the discharge chamber were pumped out with an
RVN-2% pump down to a pressure of about 30 mm Hg prior to the start of
the experiments. The variable section diaphragm was installed in a
posit ion corresponding to a specified mass rate of flow, velocity and
pressure of the gas mixture into the dishcarge chamber. The level of
the vlectron current in the discharge chamber was monitored by measuring
It with a milllameter which was inserted in the circuit temporarily to
pround the anode. The electron current density in the anode plane of
the dlscharge chamber was about 10 pA/em2 in the majority of the experi-
ments. When the specified level of this current was reached, the anode
wis disconnected from "ground" and all three cut-off valves were opened.
After the specificd pressure in the discharge chamber was established
(something which was determined from the readings of pointer type sample
manomet ers) , the discharge voltage was applied to the andde. The
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duration of the discharge was determined from an oscilloscope trace of

the current. The characteristics for a semi-self maintained glow discharge,
winich were obtalned in this work, do not fundamentally differ from similar
characteristics for pressure on the order of atmospheric pressure [5] or
below ntmospheric [6].

The radlation power was computed as the ratio of the energy measured by
the ealorimeter to the time of current flow. The greatest radiation
power obhtained with this setup was 6.2 KW at an efficiency of 10 percent.
The velocity of the gas mixture in this case was about 150 m/sec and a
multipass four-mirror resonator was set up , since the length of the
active region was considerably greater than the size of one reflector.
The ratlo of the electrical field intensity to the pressure was Efp =
A% volt/(em - mm Hg). For the purpose of limiting the mass rate of
flow of the mixture of gases, the majority of the experiments were done
at a conaiderably lower mixture velocity, and consequently, at a lower
pump ing power.

The Results of the Fxperiments and a Discussion of Them

The results of measurements of the output power are shown in Figure 2 as
a funetlon of the velative partial CO2 pressure in the mixture, x =

- pCO?/pNZ for a constant ratio of PHe/PNz = 0.5. The number on each
curve corresponds to the different positions of the resonator axis

relat fve to the anode axis, The output power is referenced to the maxi-
mum value, obtafned In these experiments, which is equal to 0.7 KW. For
all curves, the power put into the dighcarge was 15 KW. The diameter of
the apherienl mirrors of the resonator was 9 cm with a beam hole of

1.6 em, and the radius of curvature was 8 m. The velocity of the gas
mixture wag malntained constant within a precision of 10 percent and
amounted to about 85 m/sec at a static pressure of 83 wm Hg. The dif-
Ference In the potentials across the discharge for all curves was constant
and cqual to 1.2 KV. ‘The heating of the mixture in the discharge was
allpht and mounted to AT < 50 °K.
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" A lollows Trom Figure 2, an optimal ratio of x. for which the radia-
thon power  Taomax imum, corresponds to each resonator position, Tn this
cane, the alze of this maxlmum likewlse passes through a maximum in
atep with the displacement of the resonator axis downstream relative to
the [low. The course of the curves in Figure 2 can he qualitatively
explailned by means of the concept of a threshold length, ly, i.e., a
jenpth over which the threghold value of the CO2 concentration rises
at the upper lasing level. This length can be found as the product of
the veloclty of mixture blow-through times the delay time 1 of the
radiat fon pulse, which 1a obtained in pulsed experiments. The value of
¢ wan computed [n |7] in a two-level approximation. Using this expres-
wion Tor Ly, one can derive the following relationship:

| L w400 (1 =)l 1—(C2pd ofa W) 1, “’

where 14 I8 the relaxation time of the 0091 1evel; vy 1s the velocity

of the gas mixture Lo the pumping region; Aci 1s the effective fre-
quency of laser line widening, referenced to the widening frequency in
fhe pan Itaelf (C02); W is the apecific pumping power; n is a coeffic-
tont which takes into account the fractfon of the specific power ex-
pended on excitation of the upper lasing level; C is a coefficient which
does not depend on the composition of the mixture or the energy input.
An fa well known [8], n falls off when E/p = const., with an increase in
Peny s while YpiAct {ncreases. In our case, the second term under the
loparithm sign 1s much legs than unity, and for this reason, ly has a
minfmum for a [ixed position of the resonator when pgg, changes. And
this means, that with a limited resonator width, the olitput power will
have a maximum, something which 1is also observed in the experiments.

The exTstence of optimum position of the resonmator (a position in which
the output power hag a maxlmum) can also be explained by the presence of
o threshold length, its dependence on the velocity of the mixture (1)
and the Hmited width of the resonator. When the axes of the resonator
and the pumping reglon coincide, because of the large values of g
(commensurate with the resonator width), only a portion of the resonator
operates, somethlog which leads to a reduction in output power. When
the resonator axis [s shifted downstream relative to the flow, the value
of 1, in the resonator reglon falls off, since the rise in the concentra-
tion at the upper lasing level does not begin ahead of the resonator
roglon (similar te a Q gwitched resonator in the pulsed mode) . The
aren of the working portion of the resonator increases In this case,
aomething which leads to a rise in the output power. With a further
shifLfog of the resonator, the output power again falls off, since an
over increasing fractlon of the mixture relaxes ahead of the resonator

regfon,
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tn onr cane, the diameter of the resonator mirrors is approximately
twlee an large ns the width of the pumping region. An output power

max fmum, a8 follows from Figure 3, is obtained when the leading edge

of the nirrors colncide with the axis of the pumping region at a mixture
veloeity of vy = 85 m/sec. With a different velocity of the mixture,
the optimum posit fon of the resonator will change. The dependence of
the output power on the velocity was studied in an experiment with two
renonntors, formed by two pairs of 60 mm in diameter mirrors having
hoam holes ol 10 mm. The axes of the resonators were set parallel
at different distances from the axis of the pumping region. The axls
of the first resonator was shifted downstream relative to the flow by

7 mm and the other was shifted by 90 mm. The relative output power as
a function of the gas mixture velocity 1s shown in Figure 3 (the pump~
fny, power was 16 KW and the mixture composition was C02:Nz:He = 1:14:7).
The courge of the curves in Figure 3 confirms the influence of Iy
through the mixture velocity on the laser efficiency.

Thua, [t has been experimentally demonstrated that in the case of a
Timited width of the mirrors of the resonator, the output power of an
etoctrical Tonization €Oy laser operating in the CW mode, depends sub-
atantInlly on Lhe relationship of the partial pressures of the carbon
Jdloxlde gos and nitrogen, the velocity of the gas mixture and the posi-
tfon of the resonator relative to the axis of the pumping regioun.

It should he woted in conclusion that a reduction in Iy is achieved

mont offectively by displacing the resonator downstream with respect to
the Itow. As Follows from (1), a change in the velocity of the mixture
while fts (emperature ls constant at the output from the pumping region,
doen not inf luence the value of Ly, since the specific input power changes
proportionally, while the increase in the carbon dioxide concentration,

an noted above, reduces the coefficient n when E/p = const,, and for

this reanon, [, likewlse changes insignificantly. The results obtained,
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taktny, Into aceount the {nterrclationship of the pavameters included in
(1) which was noted above, will also apparently be justi fied at the
i fmum pump Ing, powers of the laser mixture.

The electron pun developed by 1.7, Shanturin and V.T. Fedorov was used
fn the experiments.
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- DC 621.378.33

TIE POWER PARAMETERS OF ELECTRON BEAM TNTTTATED H2-F2D2Fp AND
Dy~F9~C0y LASERS

Moscow KVANTOVAYA ELEKTRONIKA in Russian Vol 7, No 6, Jun 80 pp 1357~
a 1359 manuscript received 3 Dec 79

[Article by A.S. Bashkin, A.N. Orayevskiy, V.N. Tomashov and N.N.
Yuryshev, Physics Institute of the USSR Academy of Sciences imeni
P.N. Lobedev, Moscow]

[Text] A comparative study is made of the lasing
fn chemical H2-Fy, Dz-F2 and Dp-F2-(02 lasers
[nit tated by an electron beam. Tt is found that
under identleal experimental conditions, the output
vnerpy of a Dy-F2-C02 laser is practically on a
par with the output pover of a H2-F) laser, where
the lasing pulse width of a D2-F2-C02 laser 1s 2.5
times preater. Using a mixture of Fp:D2:09:C02:He =
= 150:60:12:150:375 mm Hg, a speclfic energy output
of 60 3/1 was obtained with a chemical efficiency
of 3.5 percent and an efficiency with respect to the
pump Ing cnergy input into the active volume of 330
percent. A slight fafluence of the He content in

- the mixture on the lasing parameters of a D2-Fp-CO2
laser was detected.

The ut11lzat ton of a chain reaction of fluorine with hydrogen (or
deutertum) In pulsed chaemical lasers makes it possible to obtain high
power, hiph efffciency lasing with HF molecules (A = 2,7--3.2 pm) and
¥ molecules (A = 3,7--4.2 pm), and when the transmission of the vibra-

B tionnl exeltatfon energy is utilized, this lasing can be had with CO2

: molecules also (A = 10,6 ym). Thus, an energy output of 70 J/L in the
lagIng mode and 150J/1 4n an amplification mode are reported in the
t4terature |1, 5] for a photoinitiated D2-F9-CO2 laser. On the other
hand, the utilizatlion of an electron beam for triggering 2 HF laser
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TABLIE
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501 2 4 126 2,88 | 24 1,4 | 900 { 3,7 260 3--
50 20 41 - 112512 10 1,4 | 3151 1.6 145 3
o |20 4| 50 125] 2,6 22 1,4 | 360 | 3,5 845 8.5
o | - Go |12 | 150 | 375 7,2 60 4,5 ] 30 | 3.5 765 3

Key: 1. Pressure of the mixture components, mm Hg;
2. lLasing energy, J;
3. Specific energy output, J/1;
4. Chemical efficiency, percent;
5. Quantum lasing yleld, photons/atom F;

b, 1 , microseconds.
pulse

- made {1 posaible Lo obtaln lasing with a specific energy oulpui

a/1 12, 3] and cven hlgherllhl with a high electron beam encrgy con-
verslon efffcicncy (n = 103 7), where this efficiency represents con-

vernlon of the energy input into the active volume of the laser
to the encrgy of a lasing pulse [2].

An attempt was made for the first time in [5]) to compare the character-

i1 fes of high power photoinitiated Hp-F2 and D2-F2-C02 lasers.

In the

Ianing mode using €02 mocecules, a high value was obtained for the speci-
fic energy output (riaq = 79 J/1), however, in the lasing mode using HF

moleculen, ¢ppg was low (15 J/1). A comparison of the parameters of

Hiy=F, and Dy=Fy=C0y lasers under such conditions can hardly be a correct

reflectdon of the potential zapability of a H2-F2 laser. The use of
pulsed flahglamps as the pumplng source likewlse makes it difficult to

have o real comparison of the c¢nergy parameters because of the relatively

fong pumping pulge width (as compared to the lasing pulse width of an

atmospher Lo pressure Hy-Fp laser).

Thin paper Is devoted to a study of the parameters of a Dp-F2-C0y laser,
excited by an electron beam, and a comparison of these parameters w

thoye tor HF and DF lasers under identical experimental conditions. The

very small pumping width which was used (1 = 25 ns) makes it possible to
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possible to relatively simply and precisely determine the degree of
Inftiation,

A detniled description of the installation is given in [6]. The dif-
ference consists In the use of NaCl windows and a resonator formed hy

a copper mirror with a radfus of curvature of 47 m and a semitransparent
mirror with a dielectric coating, having a reflectivity of 40 percent at
a wnvu%ungth of 10.6 ym. The active volume of the gaseous medium was
120 em?.

L. amm it Elﬂl’ relatiye
units

‘ ol \\“\\\\\\ Figure 1. The laser output energy for
ary a mixture of F2:D2:02:He:COp =
= 50:20:4:125:pcgy) mm Hg as
Uy a function of the C0O2 pres-
073 L . mm HS’. sure.
lj 5 WU Peg, o prrs et

The Int luence of the composition and pressure of the mixture on the
outpui power and the width and waveform of the lasing pulse were studied.
The maln data on the mixture compositions which were used and the degrees
of initiatfon and the lasing parameters are given in the Table.

The output encryy of the laser is shown in Figure 1 as a function of the
(.02 content In the mixture. The initial linear rise can be explained by
the (ncrease in the tate of transmission of the excitation from the DF
moiecules to the €02 molecules. The. drop in energy with a high

€0y content [n the mixture cannot be attributed in the usual way to an
Increase tn rhe autorelaxation and the reduction in the vibrational temp-
erature of the 0001 mode, since it is observed at small values (= 1) of
the [€O21/1F21 ratio, while the optimum value of [CO2]1/[F2] in photo-
fnftInted lasers usually amounts to 2 to 4 [5]. 1In this case, it is
oxplatned as o consequence of the specific features of the pumping source
atjlized,

Since €Oy has a high molecular welght, increasing the demsity of the
actlve medium leads to nonuniform energy losses of the electron beam along
the optleal axis of the laser, and consequently, to inhomogeneous inlti-
atfon. Moroover, as has been demonstrated previously [3, 6]. the intro-
duet fon of additives which de not contain fluorlne, practically does not
tnerease the degree of inftiation,

1t Is interesring to note that a reduction in the He content in the
mixture, right up to its complete absence, did not cause a drop in the
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lasing, energy. The presence of He made it easier to prepare the mixture,
fmproving its stability (especially if ome takes into account the small
€0y content in our experiment), and also improved the intermixing of

the regeants with the sequential admission of the gases. The variation

/ W el Tp H0C
n,0mH £
4 Eiage Tele (A)
s )
27
7 ¢ Figure 2. The output energy (1) and the
(/ 0 pulse width (2) of a laser
using a mixture of F2:D2:C02:He =
! 5 = 5:2:5:12.5 as a function of
— its pressure.
. I wa*zgi*Ja Key: A. Tlager, microseconds.
0 750 500 p.mm pmom,
- J D . L PO vue——
[ \\\7 Figure 3. Oscilloscope traces of the pump pulses
- R (1) and the lasing pulses of Hz-Fy (2),

fA‘\\qL D2-Fy (3) and D2-F2-C02 lasers (4).

in the Dy/Fy ratlo in the mixture in a tange of 6.3 to 1 had a slight
Impact on the output energy of the laser.

The Inser output energy {s shown in Figure 2 as a function of the overall
pressure of the mixture. A llonear rise in the lasing energy was observed
with an Increase In the mixture pressure, where the upper limit of the
mixture pressurc (about 1 atm) corresponded to a density of the medium

at which linear change In the electron beam absorption energy is observed
along the optical axis of the laser. The width of the lasing pulse
approximated a p~! law. A specific energy output of €1a5 = 60 J/1 was
obtafned at the maximum mixture pressure for n.pep = 3.5 percent and

= 330 percent.
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Oscllioscope traces of the lasing pulses of HF, DF and DF-CO3 lasers,
as well as the pumping pulse are shown in Figure 3. The corresponding
data for the mixtures, Iinitiation conditions and lasing parameters are

- plven In the first three lines of the table. Tt can be noted that the

- lauing pulscs of IIF and DF lasers arc approximately identical in thelr
waveform and hegin immediately following the pumping pulse. The lasing
pulse of the N2-Fp-C02 laser though has a delay of 0.6 to 0.8 microseconds
relat (ve to the pumping pulse, something which is due to the finite rate
of the process of transmitting the excitation from the DF* molecules to
the €Oy molecules, and its waveform 1s quite reminiscent of the lasing
waveform of a TEA €Oy laser. It must be noted that the lasing pulse width
of the D2-F2-C0y laser is 2.5 times greater than the pulse width of the
HE laser.

Working from the data of the table, one can say that for the same level
of Initfation and an identical pressure of the Fz-Hz(D2) mixture, the
lasing cnerpy of a Dy-Fy lager is 2.5 times less than that of an HF laser,
while the NDp-Fp~C07 laser is practically not inferior to the HF laser in
lerma of cnergy. Vor approximately the same chemical efficiency (nchem)
as n Hy-Fy laser, the efficiency in terms of the input cmergy for a
Dy=Fp-0y laser Is 2.5 times lower and equal to 350 percent. However, it
must be noted that in computing the efficiency, the energy lost by the
huam not only In the ¥7 molecules, but also in the other components of
the mixture, was taken Into account. For mixtures of COz, the fraction
of Ineffectively lost heam energy comprises a significant amount. The
values of the quantum Tasing yield though, v (see the Table), of a
Pp-F2-G02 laser are quite high (about 800) and exceed the corresponding
values for the Hy-F2 lager (v = 250). Tf you consider the fact that

the boam energy lost only In the Fo molecules goes for the formation of
atemic fluorine, then the efficlency of a D2-F2-CO2 laser amounts to
about 800 percent and practically matches the efficiency of an H2-F)
tnser. This shows that in the case of photoinitiated lasers, where therc
are no pumping energy losses in C02 molecules, the efficiency of both
Uy~ amnd Pa-Fy-C0y lasers should be approximately the same.

The value of v obtained for the D2-F9p—-CO2 laser substantially exceeds

the value of v = 120 measured in [5]. The quantum yield of the HF laser
which was obtained {n this paper is three times greater than in [7] and
five 1o wix times greater than (n [5]. This comparison shows that in

our cane, with the use of a comparatively weak but very short Initiation
and ecarefully prepared working gas mixtures, a long chemical chain length
was successfully obtained. All of this attests to the great potential
capability of chemical hydrogen fluoride lasers.

Thus, the research indicates that the specific energy outputs of Hp-F3
and D2-F9-C0y lasers under the same experimental conditions differ
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Innipnificantly from each other. However, it must he noted that with the
une of an clectron beam, the presence of a dense gas in the working
mixture which does not yield an increase in the yield of atomic fluorine,
1.¢., such a dense gas as (02, leads to the useless expenditure of beam
enerpy.  For this reason, the use of photoinitiatlion is apparently prefer-
ahle wpectficnlly for the Dyp=Fp-C02 laser, especially if one considers
that with the appropriate mixture parameters and initiation levels, the
width of the lasing pulse of a D2-F2-CO2 laser is 2.5 to 3 times greater
than the lasing pulse width of the Hp-F7 laser, something which makes it
possible to reduce the requirements placed on the pumping pulse width.
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MAGNETOHYDRODYNAMICS

UDC 532: 538.4
MLOW IN CHANNELS OF Mil) [ MAGNETOHYDRODYNAMIC] DEVICES

Moscow TELHINLYL V¥ KANALAKH MGD-USTROYSTV in Russian 1979 signed to press
2 Jul 79 pp 2-5, 363-364

LAnnutatlon. Foreword and Table of Contents from book by A. V. Tananayev,
Atomlzdat, 1320 coples, 368 pages |

LToxt] The book conslders laminar and turbulent flows in pipes and channels
that detormine the operating process in many MHD devices. The principles

of Lhe hydrodynamics of viscous imcompressible liquid are cited and modern
concepta on Lhe structure of the turbulent flow of the wall boundary layer:
are statod brlefly. Preference is given to the consideration of the physi-
cal plceture of the flow, and the mechanism of the effect of the magnetic
I'teld on electrical-conducting liguid (it is assumed that the induced
magnot.lc fleld 1s lnsignificant compared to that applied externally). A
greal, deal of attentlon in the book is devoted to comparing the results of
theoretlcal Investigations with experimental data. In thls case, the ex-
perlmental data, obtalned in the Leningrad Polytechnlcal Institute lmeni

M. 1. Kallnin, part of which 1s published for the first time, is used widely.
Methods are considered for the approximate solutlon of wall boundary flows
(within the tramework of the wall boundary layer theory and semlempirical
turbulonce theory), that make it possible to calculate the hydraulic char-
actorialtles of the flow-through channel of MHD devices with an accuracy
satlalnctory for englneering design.

Thls book la Intended for sclentiflc and engineering-technical workers who
doevelop MHD devices. At the same time, it will be of interest to fluld

machanlcs englneers and may be used as a textbook on applied magnetic hy-
drodynamica for students and graduate students in technical VUZ's.

183 tlgures; 3 tables; bibllography contains 236 items.
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Foraeword

The Interaction between the magnetic fleld and the flow of an electrical-
conduct lng llquid 1s exhiblted basically in two aspects: 1n the appear-
ance of volumetrle pondermotive forces and in the excltation of the inltlal
magnetle tleld ltself. The totallty of the effects produced by these phe-
nomana is the subject of the study of magnetic hydrodynamics. In many
appllcatlons problems, the effect of the magnetic field is reduced only to
the dynamlc influence on the flow. But even in this case the volumetric
elactromagnet lc forces produce the formatlon of complex spatial flows not
vbgerved ln regular hydrodynamics. The effect of the magnetic fileld on the
Lturbulence in the conducting media is of speclal interest. The MHD turbu-
alnco, as a phenomenon of nature that determines geophysical and astro-
physleal processes in many ways, determines in the application aspect the
efflclency of various MHD devices and technological processes in power
onglinvering, metallurgy, and in the chemical and mine-enriching industries.
Moraover, the magnetic fleld may influence the flow by a contactless method
and thus make it posslble to study the fundamental properties of turbulenmce.

The applicatlon aspects of magnetic hydrodynamics acquire a speclal urgency
in connectlon with the development of scientific-englneering problems of the
MDD mothod of energy conversion and controlled thermonuclear fusion.

The vuccesstul astart-up of an experimental-industrial 25,000 kw magnetogas-
dynamic generator was Lmplemented successfully in the USSH., Similar genera-
tors are also belng created abroad. At present, it may be stated with as-
smnaneo that Lt 1s possilble to create powerful electric power plants with
M generators operatlng wlth plasma products of combustion. It may be
expacted thal the efflclency of the thermal cycle of such plants will reach

50 to 5% compared to the 40-42% for the best fossil fuel <electric power
plants.

Vartous MHD devlices -- pumps, batchers, flowmeters and so forth,
f'ind constantly wider usage in various fleldss power engineering, metal-
Turgy and traasportation installatlons. Large pumps are being made for AES

with fast neutron reactors withi liguid metal coolants. In the Tokamak
type controlled thermomuclear fusion Iinstallations, the use of lithium as
n cootant has a4 number of advantages. In this connectlion, problems

arise of silmulating the flow of lithium in the components of the reactor
hydraulle syslem under the effect of a strong magnetic fleld.

In Ltho general case, processes occurring ln the MHD devlices are the result
of the Intoractlon of tour energy flows: hydraulic, magnetic, electric and
thermil, 1t Ls consldered that the greatest share of energy losses in these
mchlnes 1la due to electromagnetlc and thermal energles. However, the hy-
draullc component may reach a value comparable to the other losses. Thus,
tn electromagnetic pumps, the loss of hydraulic energy may be more than 10
Lo 0% of tho total.
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The hydraullc flow in MilD convarters is one of the basic interacting flows.
Theral'ore, the approach to an MHD machine as a specles of electrical con-
vortor Ls true only to the flirst approximation. A more extensive study of
Lha procasses occurring ln MHD machines indicates that such an approxima-
tion la lnsufflclent. The flow structure may also exert a strong effect

on oloctromagnetlc phenomena: the velocity distributions and the flow

mode (laminar and turbulent) affects the distribution of induced currents,
Joule's heat loss, to a great extent which, all things consldered,determine
the operatlng efflclency of the entire machine.

In spite of the seeming simplicity of the flow-through channel of most

- MUD devices, the operating medium may be subjected to complex changes in
motlon due to the solld boundaries of the flow-through part and the effects
ol the electrical and magnetic fields. The emphasis on application in the
book predetermined the selection of material from a wide number of publi-
catlons.

A wlde group of speclalists from varlous sclentific flelds,who frequently
hnd no preparation in the hydrodynamics fleld,is involved in the investi-
gntlonn of MHD problems. Inasmuch as magnetic hydrodynamics ls a limited
part ol general hydrodynamlcs that uses its methods and results, the book
atnten brlefly the principles of the hydrodynamics of viscous, incompressi-
blo Tlquid, In thls case, preference 1s given to the analysls of the phy-
alenld slde of the low mechanism and where possible, mathematical deriva-~
Llonn ara omitted. At the same time, however, some approximation methods
nre connldered within the frameworks of the theory of the wall boundary
layor nand the semlempirical methods of calculating the wall boundary flows.
Simple Lnterpolation methods are clted to determine the resistance and
veloclty dlstributlion of flow, making i1t possible in many cases to calculate
thea hydraullc characterlstics of the flow-through chammel of the MHD machines
with an accuracy satlstactory for englneering design.

The wide use is made of research on MHD {lows in channels

and hydraullc properties of certaln MHD devices done at the Leningrad QOrder
of Lenin Pulytechnleal Institute imeni M, I, Kalinin in the last 15 years
undor the guldance and with the particlpation of the author.

These tnvestigatlons would have been lmpossible without a great amount of
work on creating experimental Installatlons, models, measuring devices, con-
ductling and processling tests which was done by Yu. V. Bogdanov, V., P.
Bochenlnakly, A. V. Borlsov, N. G. Gontsov, Yu. B, Yemelin, A. l. Kuznetsov,
0. A. Marinova, V. G. Marinov, Yu, P. Chernyayev, V. S. Shmarov, V. V.
Yakovlev etc. Of great help In preparing the manuscript of the book were
Yu. V. Bogdanov, V. P. Bocheninskly, N. G. Gontsov and V. S. Shmarov; the
‘paper Look into account useful comments by N. G. Gontsov, who read the
gronter part of the manuscript, particlpated (with Yu. V. Bogdanov) in
proparing the materlal in Chapter 4 and wrote section 4,3. The author ex-

- procsos hils deep gratlitude to the persons mentloned.
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NUCLEAR PHYSICS

MEASURTNG ‘THE ANGULAR DISTRIBUTION OF FLUXES OF PROTONS ESCAPING FROM
TIHE SHTELDING OF A 660-MeV SYNCHROCYCLOTRON

pubnn 1ZMERENIYE UGLOVYKH RASPREDELENIY POTOKOV PROTONOV, VYKHODYASHCHLKH
17 ZASHCHTTY S INKHROTSIKLOTRONA NA ENERGIYU 660 MEV in Russian, Preprint
R16-11891, Joint Institute for Nuclear Research, 1978 signed to press

J6 Oct 18 pp 1-16

: [Paper by V. Ya. Aleynikev, A. R. Krylov, M. M. Komochkov and G. N. Timo~
- shenko, 340 coples, 16 pages]

[Text] A study is done on the differential angular
flux denslty of protons with energies exceeding

43 MeV behind the two-meter concrete shielding of a
660-MeV synchrocyclotron. The ratios of the protomn
and neutron (more than 20 MeV) components of the
radlation fleld are determined.

The work was done in the Divisiom of Radiation Pro-
tection and Radlation Research, Joint Imstitute for
Nuclear Research (JINR).

There may be considerable discrepancies between the results given by
varlous methods used for calculating the parameters of the radiation
Licld behind the shielding of proton accelerators because of the inade-
quacy ol information on the interaction of high-energy particles with the
- muelel of the shicld materlal and the use of different kinds of simpli-
fying agsumptions in calculating the internuclear cascade. In such a
aftuat lon, Lhe best method of checking the applicability of a given
method of caleutation Is to compare the calculated and measured field
parameters.  Ref. 1, 2 give the results of an experimental check on some
methods of caleulnting the integral characteristics of the neutron field
(1 lux, equlvalent doge) behind the shielding of a 660-MeV synchrocyclo-
tron with source-shielding configurations typical of accelerators. Our
research was done to get experimental information on the differential
characterlstics of the field, specifically on the angular dependence of
the flux density of protons escaping from the accelerator shielding for
sonree-shielding configurations like those in which the integral
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Fig. 1. Measurement geometry

charncleristics of the ficld were studied. Such information 1is needed
not only for checking methods of calculating the fleld of protons behind
the aceelerator shielding, but also for correct fnterpretat ion of dosim-
cter readiongs In these flelds.

“The ‘measurements were done on the synchrocyclotron of the Laboratory of
Nuelear Problems at JINR In two configurations, as shown in Fig. L.

In Lhe first case, a 630 MeV proton beam with intensity of about 6.3-10°
5”1 was incident at an angle of 30° on a two-meter shield of ordinary
conerote (p=2.35 g/em?). The beam was 16 cm in diameter at the point
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of fueidence. In the second configuration the beam was completely
stopped In a copper target 30 em thick and 12 cm in diameter placed 4.7 m
from the shiclding on the path of the beam. In the latter case, the
wource was the radiatlon generated in the target. The differential
mpular dependence of proton: flux density was determined at three points
on the outslde of the shield: where the plane of the shield intersects
the continuat lon of the axis of the beam (point 1), where the plane of
Lhe shield intersects the normal to the center of beam incidence (point
4y, and at point 2 situated between points 1 and 3 at a distance of

A0 em from point 1. Measurements were made of the number of pulses
repglatered by o telescope of scintillation counters with rotation through
angles 0 and ¢ In the selected coordinate system shown in Fig. 2a. The
coordinate origin colneldes with the investigated point rg, plane ZY
coineides with the plane of the shield, and Op is the unit vector of the
optical axis of the telescope. The count N of the telescope is related
to the plane of the proton flux by the following expression:

N=[ [ (r,0)dsda, .
$ ¥(E) (1)

where $(r,0) cosw is the d Lfferential angular dependence of the flux of
pratons with encrples from Enin t© Epax at point r on the surface of the
shield, w is the angle between Qp and the X-axis, ¥(r) is the solid angle
fo which protons traveling from point t in direction @ will be registered
by the telescope, and § is the set of points from which radiation is
replistered by the telescope. The quantities ¥(r) and S depend on the
dimentions of the scintillators, the base of the telescope and the geom-
etry ol the measurements. Assuming that ¢(r,?) depends weakly on r and €
withlu the 1imlts of §, expression (1) can be written in a first approxi-

mnt fon ns

N=¢(£0,ﬁr)'r(§'r)y (2)

whaere F(QT) ts the geomelry factor

P, = [¥() dS, (3

For o tolescope with scintillators of rectangular shape, the geometry
{netor can be found In analytical form:

, buc . 4dlsinwecosw oy

! ('\I"l') N ll’ .‘:!'[1.19‘(1\ f bsinw llll L+ (d cos w -~ 1 sin m)?' - h? sin7 [N}

4db sinwecos w
- . e —— J———" .....+
Lstnw-lnil+ (d cos w~-bsin w)T- [Zsin%w (4)

eyes (. 1 - -..4.7’..!7._5!_1:‘}_2..‘”._.... ]}
d cosweln] "4 coslw- (L - b)fsinyu\ ’
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Fig. ?. Dirvectlvity patterns of rb(?g,fi-r) for the first configuration

whoere 20, 2b are the dimensions of the sides of the scintillator in the
First counter (closest to the shield); 2c¢, 21 are the sides of the scin-
tillator In the third counter (the dimensions of the scintillator in the

wecond counter are selected so that they do not affect the aperture of
(he Lelescope); d Is the base of the telescope. Sides a and b are
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paralliel Lo vector |[X «\tp). The angle w is related to the angles 0 and
$ by the simple expression

cosw =sin 0-cos ¢. (5)

The Flrst assumption thal is used in calculating (Sip) reduces to the
necessity For having a sufficiently small ¥(r). For our experiments the
vitlue of ¥(r)%3.0-10"7 sr with angular resolution of the telescope of
12.9°. o determine the correctness of the second assumption of weak
dependence of #(r,%) on r, measurements were made of the distribution of
mieleon tlux density 9, by carbon-containing activation detectors along
Lhe Y-nxis on the outalde of the shield under conditioas of the first
source-shield confipuration. In doing this, it was assumed that there
was llttle change in the ratio between the neutron and proton components
of the ficld at the Investigated points. 1In this way, the resultant
dependence #,(Y) could be interpreted as the distribution (in relative
. unita) of (1), where r are the coordinates of the point along the Y-
axis. The maximum dimension of § along the Y-axis is 8.4 cm. It can be

—7 N
_ 7 = X10 K10 8~ 6
6 - 4s
¥ r . ™
'n s} Y
t) = 4 U
:E: /, o -3 0":
3l POINT 1 POINT 2 Jd2
Touka Touka 2 N
2 A Y i 1 L | I
- a0 40 co 80 100 120 140 :
- Y, cm

Fig. 3. Distribution of the flux density of nucleons along the Y-axis:
$--1'1rst conflguration §--second configuration

seen from Fig. 3 that for the first configuration the change in d4(Y)

In the vicinity of point 2 is less than 1% within the limits of S, and

ln the viclnity ol point 1 the change is less than 7.5%. The curve is

deawn by graphlc Interpolatfon through the experimental points within

the limits of the random errors indicated on the figure. The systematic

error In determlnatlon of ¢y Ls ~20%.

i determining #(ry,%) it was assumed that the count of the telescope
Is equal to the number of protons passing through it with energy of
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>43 MeV.  In reality the telescope count in the radiation field behind
the shiclding ts due to the passage of protous, electrons and pions with
sufficlent mean free path in the scintillation material, and to random
colneldences.  Fat fmates show that the fraction of the pilon component of
the tleld In the overall flux Is less than 2%4. To determine the contri-
but fon to Lhe telescope count from the electron field component with

_ energles greater than 3.5 MeV (the energy threshold of the telescope for
electrons), meausrements were made with an absorber placed in front of
the last counter. 'This increased the electron threshold to 9.5 MeV,
and the proton threshold to 68 MeV. The reduction in telescope count was
1h. V.. Apparently the major part of this reduction fell Lo the proton
component ot the rteld,  There are negliglibly few electrons with energles
of more than 10 MeV In the overall flux. The maximum contribution of
random colncidence did not exceed 1% of the count. On this basis we can

- assume that 90% of the count of the telescope 1s due to the proton com-
ponent of the fleld. According to estimates, the percentage of regis-
tered protons caused by interaction of the neutron component with the
material of the first scintillator does not exceed 2% in the worst case.

The values of ®(rg,8p) found on the basis of (2), which represent the

mmber of protons In the cnergy range from 43 MeV to 630 MeV passing &
through an arca of |} cm’ on the surface of the shield at ,sirt rp in 1 s

In a solld angle of | sv In a direction near 2p were normalized t( one

proton incldent on the shielding. The flux density of primary neutrons

wan measured with accuracy of (20%? Fig. 2b shows directivity patterns

of (ry,2p) ns a function of 0 and ¢ for three points in the first

sonree-shield configuratlon. The values of ¢(ry,2;) for the angles shown

by the broken lincs on the figure were not measured in the experiment.

The angular dependence al point 2 was studied in most detail with a step

oF 15" with respeet to ¢ and 10" with vespect to 6. The values of dpaxi»

Panxes Pmax3s 10 which the functions ¢(90°,4) at each investigated point -
ansume maximum values determine the nTmnx through which passages con- -

verge In some smll volume within the shielding. This fact can be in-
terpreted as the exlstence of an "effectlve" neutron source rthat forms a
proton field component In the last layers of the shield in the case of
the [Irst conl lguration,

Fip. 4 shows curves of ¢(0,d) at point 2 in the first source-shield con-
Figuration (solld lines). Errors due to statistical errors of telescope
counts are Indfeated on the figure. Tt can be seen that the curves are
not symmetric relative to angles 0 and ¢ in the selected coordinate
nyntem.  There s approximate axlal symmetry within limits of 207 rela-
tlve to the axls X' obtained hy rotating the coordinate system about the
Z-axis through angle dgaxy. In doing this, [t is assumed that the func-
Lfon #(D,¢) is symmetric relative to the XY-plane. As angle 0 decreases,
ihe asymmetry of the relation ¢(¢) relative to ¢ =0 (the X-axis) becomes
less noticeable. This is because more protons formed by quasielastic
interact tons of nucleons with the shielding material are travellng in
the direction determined by ¢payp and Bpayp, and it is primacily cascade
protons that cscape at small 0 as compared with quasielastic protons.
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This Jesds to attenvatlon of the influence that the direction of motion
of the original particles has on (0,¢) at small 6.

The preater absolute values of the diff~rential angular flux densities

ol protons at polnt 2 as compared with point 1 can apparently be attrib-
o wted 1o the fact that the distances from the point of nucleon production
. on most of the "eore" of the cascade to poilnt 2 are shorter than to
) potnt 1, which Is cquivalent to a thinmer shield in the direction to
point 2. At the same time, despite the fact that the thickness of the
shiclding In the direction of point 3 from the point of beam incidence
Is minimum, a rclatively low percentage of nucleons leave the "core" of
Uhe eascade at large angles, and the absolute values of (0,¢) at point 3
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are lower than at points 1 and 2. This agrees with the measured dis-
tribut fon of ¢,(Y). 1t can be seen from Fig. 3 that the nucleon flux
density at point 2 Is approximately 1.5 times as high as at point 1.

Assuming that backscattering of nucleons in air behind the shield is
insignificant, and approximating 29(30°,¢) cos ¢ linearly to 0, we can

tind the fluence ® of protons with energies greater than 43 MeV at
poiont 2:

28 o0 .,
- ¢=ffﬁ-’)~- 42 =8.58-10~8 cm™?.
0S W

This value of ¢ 1s normalized to one proton incident on the shielding.
The percentage ol protons in the overall flux is (11.1¢ 2.2)%.

The necond conl iguration, because of the large distance from target to
ahivlding, Is an approximate model of a flat unidirectional source of
emlsnfon. Rel. 2 glves encrgy spectra calculated by a Monte Carloe

method for relativistic neutrons formed in the given target with 660-MeV
fnc Ident protons In angular {ntervals of 0-30°, 30-60° and 50-90° rela-
tive to the direction of the proton beam. Fig. 5 shows the distributions

1601
4 |—12cH— A - fete—— 12¢M —————3 bs
140 a
120 1 .
100 1
do 4 B
50 4
) LEHTP ]
A0 MULIENH
20" 1
J TARGET 4
— 1
TrrrrrrqyrrvrvuoiéTw T 10 7 Ill|llTII‘l|' LIRS
2 4 6 8 {0 12 4 16 8 20 22 2425926 28 d0 32
TLD Ne

=

Fig. 5. Distributions of absorbed doses D on the front surface of the
target In relatlve units vertlcally (a) and horizontally (b)

ol abuorbed doses on the forward surface of the target along the vertical
(Fig. %a) and along the horizontal (Fig. 5b), as measured by thermo-
luminescent doslmeters (TLD). At least 99.2% of the protons were incident
on the target. According to measurements, the contribution to the count
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of the telescope due to background radiation from the local shielding
and the enclosed collmmator, and also from the background of the experi-
wental hatl is 5.77.

c_o. - 0. a® op?

ol ole sy

. _'.;?_ 0 T o ,0;‘

- o - ° ao
°0p . T0.%0 [[2 {3 Dy
4 \ o

SCALE:
MACWTAB:
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13.3.10" ep™2.577 1

8-70°

8=90° ' ’,‘ X

Fig. 6. Dlrectivity patterns of w(?b,ﬁ&) for the second configuration
Directivity patterns of w(rU,QT) as a function of 6 and ¢ are shown in
Fig. 6. The absolute values of %(0,¢) in the glven case arc considerably

less than In the flrst configuration; however, the form of the curve
for #(n,¢) Is approximately the same since in elther case the aungular

56

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2

FOR OFFICIAL USE ONLY

distribution of protons escaping from the shield is formed by the angular
distributions of cascade and quasielastic protons escaping from the
nuclel of the shielding as a result of nuclear reactions. Shown in

Fig. 4 For comparisor are #(90°,¢) and #(50°,¢) (broken lines) measured
In the second conflgiration and normalized with respect to the maximum

of #(907 ,¢) In the first configuration. The greatest discrepancy is
abserved for values of ¢ close to +60°. This can be attributed to the
fact that the proton spectrum close to the surface of the shielding in
the second configuration Is "softer," and the percentage of protons that
leave the shiceld at large ¢ and completely lose their energy due to
fontzat fon losses Increases.  The distribution of nucleon flux density
along the Y axls o the second configuration is shown in Fig. 3. In this
case Lhe distribution of ¢,(Y) is a weakly variable functlon. The
fluence of protons with energies greater than 43 MeV at point 2 is equal
to 2.5+10°Y ¢m™, and the precentage of protons in the overall flux is
(3.8 0.8)%. The reduced percentage of protons in the overall nucleon
{lux becomes understandable If we take into consideration the relative
"gof tness” of the nucleon spectrum in the second configuration. Our

datn agree well with the ratlo of proton and neutron components of the

t1eld (37) bebind a shield of 500 g/cm2 of concrete as found from the
results of Rel'. 3.

The aut hors thaonk ¢, Ya. Kaskanov, V. P. Bamblevskiy, V. A. Kulikov and
A. N. Remzunak for assistance in doing the experiments.
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MEASUREMENTS OF SPATIAL DISTRIBUTTION OF BREMSSTRAHLUNG DOSE ON THE S [LUND
ELECTRON INJECTOR OF A COLLECTIVE-TON ACCELERATOR

Dubna 17ZMERENTYA PROSTRANSTVENNOGO RASPREDELENIYA DOZY TORMOZNOGO TZLU-
GHENIYA NA INZHEKTORE ELEKTRONOV 'SILUND' KOLLEKTIVNOGO USKORITELYA
TYAZUELYKH 10NOV in Russian, Preprint R16-11934, Joint Institute of
Nuclear Research, 1978 signed to press 27 Nov 78 pp 1-16

[Paper by G. V. Dolbilov and V. I. Tsovbun, 340 copies, 16 pages]

AText)  Studles were done on the radiation character-
“vstics of the SILUND acceoerator, an electron injector
for a collective-ion accelerator. The purpose of the
work included determining the source function of the
collective-{on accelerator as an extended object, and
determinat ion of radiation loads on a number of accel-
erator components. Measurements were done on the SILUND
accelerator and on the charged torus generator (com-
pressor) under conditions of capture of an Injected
¢lectron beam with energy of 1.5 MeV. TLD-100 thermo-
luminescent detectors based on LiF were used as the
doslmeters. ‘The distribution of electron losses in the
Lransfer system between the SILUND injector and the com-
pressor was reconstructed from the dosimeter readings by
a method of statlstical regularization. The radiation
joads on accelerator components were determined, and
part feularly those on the acceleration tube. Numerical
osl Imates were made of bremsstrahlung dose rates near
the collectlve-ton accelerator in the electron-capture
wode. A comparisou of calculations with measurement
vesul Us shows the feasibility of evaluating the radia-
tion environment near a collective-ion accelerator with
507 accuracy when using known parameters for engineering
caleulations.

The work was done in the Department of New Acceleration
Mcthods at the Joint Institute for Nuclear Research.
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This rescarch was done to determine the source function of an extended
object, a collective-lon accelerator [Ref. 1], and also to evaluate the
radlatlon loads on a number of accelerator components whose service life
is determined in great measure by the effect of ilonizing radiation. The
collect tve=ton aceelerator consists of two major parts: the STLUND elec-
tton accelerator, and the charged torus generator (compressor). Detalls
al the eollect Ive-ton accelerator and iLs major components are described
In Ret. 1-2.  In sur rescarch, the SILUND is the main object of study,
and the compressor is considered only in the mode of Injected beam
capture.

CONDITIONS OF THE EXPERIMENT

The measurement s were made with 1LTD-100 thermoluminescent detectors made
by the Harshaw Company on the basis of LiF single crystals [Ref. 3].

Fig. 1 shows an Intersectional junction of the SILUND accelerator, and
the compressor [Ref. 1-2], and also indicates the placement of the
detectors.  The numbers L-4 denote detectors, which are located on the
surface of all 5 accelerating sections of the SILUND., In the middle

ol the second, fourth and fifth sections are vertical holders that each
accommodate Chree detectors, separated by a distance of 20 cm. Infor-
mitfon from the detectors in positions 5-6 was used to evaluate the
radiation load oo the outer surface of the acceleration tube and the
magnet b fleld coll. Four of these detectors were installed on the
aurtace of the acceleration tube at intervals of every 90°. The detectors
in postiion 7 close to the Rogowski loop record the radiation load on
1he outnlde ol the mgnetle fleld colls and on the epoxy potting compound;
the readings of these detectors could also be used to evaluate the radia-
tlon load on the ferrite rings of the inductors. All along the accel-
erator at a height of about 50 cm were detectors to record the radiation
dose over the intersectional junctions and over the junction section
hetween the STLUND and the compressor.

The working mode of the accelerator involved capture of the injected
beam into the compressor and subsequent transfer into the inflector

[Ref. 2]. The measurcments were made in two sessions at different times.
The measurements differed in details of accelerator adjustment and beam
allgnment; in the second session, a new acceleration tube had been in-
stalled In the third section. The radiation environment in these mea-
aurements was also different in details; however, an att wpt was made in
the werk to ascertaln the general characteristics of the radiation en-
vironment .

Typlcal oscillograms of Lhe beam current registered hy Rogowski loops at
the output of the lve accelerating sections of the STLUND are shown in
Flg. 2 (second measurement sesslon). The last oscillogram shows the
total voltage pulse applied to the inductors of all five sections. The
time of detector Irradiation was about an hour at a current pulse
recurrence rate of 0.5 Hz.
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Flg, 1. a) Intersectional junction of the SILUND accelerator: 1-7--
placement of detectors; I--acceleration tube; Il--magnetic field coils;
111--ferromagnet te inductor core; b) compressor; 1-4--placement of the
detectors

s MEASUREMENT RESHLTS AND THEIR ANALYSIS

5
: The disteibut fon of bremsstrahlung dose rates over the outside of the
SULUND inductors is shown in Fig. 3. The low levels of the dose rates
show that the radlation load on the insulators of the high-voltage con-
neetors and the fnsulation of live conductors will not determine thelr
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Flg. 2. Typleal oscillograms of electron beam current at the output of
the five STLUND accelerating sections, and the total accelerating voltage
pulne across the inductors of the accelerator

service Iite. The Increased dose rates near the flanges of the acceler-
al Ing sections are due Lo Irradiation of the detectors on the part of the
lesn shielded junctlon sections. The dotted curve over the third accel-
erating section represents the distribution of dose rates on the surface
of the sectlon after replacement of the acceleration tube. The readings
of detectors on the vertical holders are indicated on the graph by verti-
eal 1ine segments. The arrows indicate that the upper detectors regis-—
tered n higher dose rate. This means that the radiation passing from
the aceeleral fon tube through the inductors does not entirely determine
Lhe radiation load on the surface of the inductors, and that scattered
radint fon mokes a considerable contribution to the dose rate at these
points.

The bremsstrahlung dose rates at a distance of 50 cm from the accelerator
axls are fndicated In Fig. 3 by the solid curve (measured in the second
sesslon). This Information 18 useful for the case where unforeseen
energlzing of the accelerator may occur. The 50 cm distance is typical
for servicing personncl [Ref. 41. At a distance of 50 cm it is
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Flyg. 3. Spatial distribution of dose rates on the SILUND accelerator:
-==0-== __ on the surface of the accelerating sectionsg; -——X—— -— at a
helght of 50 cm from the axis of the accelerator; @ -- detector readings

used Lo reconstruct electron beam losses; ® —-calculated estimates of
dose rates above stralght intervals at a helght of 50 cm

permiusible Lo consider an acceleration tube and electron transfer
channe! with radli of 30 and 23 mm respectively as linear radiation

sourcoes.

The results of mensurements on the injector of the collective-ion ac-
celerntor enable us to represent it as a source of radiation in the form
ol intersectional junctions and an electron transfer channel between the
SILUND and the compressor. The radiation of other parts of the injector
can be disreparded In evaluating dose rates at some distance from its

axis.,

The black elreles in Flg. 3 show numerical estimates of the dose rates at
a helght of 50 em above the intersectional junctions. The initial data
for these vslimntes were clectron beam losses determined from the dif-
ference In areas under oscillograms of the beam current at the output of
eaneh seetion, and the clectron energy at the output of the sections. The
fneronse In cnergy of clectrons with acceleration in one section was
about 275 keV, and the clectron gun injection energy was 200 keV. Elec-
Lron losses were averaged uniformly over the length of two adjacent sec-
tfons, and the percentage of losses on an Ilntersectional junction was
Luken as propoctlonal te [ts length. The losses were assumed to be
locatized In the center of an intersectional junction. The angular

62

FOR OFFICTAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050029-2

FOR OFFICIAL USE ONLY

distributions of bremsstrahlung dose rate for materials with low atomic
welght were taken from Ref. 5.

The lengthwise distribution of electron losses In the electron transfer
ehinuel between the SILUND and compressor was reconstructed from the
veadtops of detectors (symbollzed hy € in Fig. 3) placed above this chan-
pel. Reconstruction was done by a method of statistical regularizaticn
[Ret. 6] using a program described in Ref. 7-8. 1f §$(z) denotes the
Jogses of electrons In reglon z on a unit of length of the electron
transler chamnel, then the bremsstrahlung dose rate measurced by the TLD
ta determined from the expression

Zmax P(04)
(P+6) (1,9 = § S 'if{(%" dz, ¢h)

where P(0g) Is the angolar distribution of bremsstrahlung dose rate
[Ret. 8], 0p is the angle between the direction of motion of electrons
and the dicection of the radiation to the i-th detector from point z,
Ry(z) is the distance to the i-th detector from point z, 84 is the error
In determination of the dose rate by the i-th detector.

A similar problem was solved in Ref. 9 for proton losses on the beam
extract fon channel from a synchrophasotron. 1Tn this case it was neces—
sary to demonstrate the feasibility of finding losses from equations (1)
with kernel l'(l)l)/l("f(z), which was done by trial reconstruction of pre-
determined losses.  System of linear equations (1) was solved after
Linearizat lon

30
. P(8.) *Nz,
D+8) - @ )§(z )t
1=1,9 j£2(7j) Ry (2)

Here Nzg= 5 cm, Zgax = 110 cm. The error 8; = +20% for 1=1.8 and 83 9=
VIO A(:conllny_ to our cstimates (see below), the contribution to the
radial ton dose measured by the 9-th detector from electrons captured

into the compressor and transferred ianto the inflector was less than 30%.
This contribut fon was much less for the other detectors.

The results of reconstruction of the distribution of electron losses in
the elecbron Fransfer channel, and the "corridor"” of errors of recon-
atructlon are shown in Fig. 4. This figure also shows the way that elec-
tron lossens depend on the length of the gelected section of the channel:

Zmax
"5 (2) -dz
7y

R(zg) = ;= ="

max
(E 5(z) *dz
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Fig. 4. Distributlon of electron losses with respect to length of the
clectron transfer channel

The doteclor readings reconstructed from the calculated loss distribution
correspond to the initial readings within the iimits of the errors LFR
The decreasing behavior of losses is due to titanium foil placed at the
end of the fIfth section to separate the vacuum sections of the SILUND
aml the compressor, and also by a reduction in the aperture of the channel
al this point from 60 to 47 mm. The total losses of average current on
the transfer channel amounted to 0.44 pA.

As au cxample, Fig. 5 shows the dose rates registered by detectors on the
aurface of the acceleratlion tube in the vicinity of the second and third
nect fons for the two measurement gessions. The spatial distributions of
done rate an the surface of the acceleration tube Indicate localization
of lounses of a helically moving electron beam, and may be useful for
correcting accelerator alignment. The results of measurements of the
dose rates at four points on the compressor (Fig. 1) were also compared
with numerlcal estimates. 1t was assumed that an electron beam with the
current measured by the Rogowski loop at the output of the fifth sectilon
with deduction of losses on the electron transfer channel was injected
Into the compressor, and after capture was transferred to a stalnless
atec] Intlector. The directlion of motion of the electrons upon impact
agafnat the Inflector was close to the tangent of a circle drawn from the
centor of the compressor with radius equal to the distance to the nearest
point of the fnllector. ‘the energy of the injected electrons was 1.5
Mev. fn the caleculations,® CQnsideration was taken of attenuation of
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Flg. . Dose rates (rad/hr) recorded on the surface of the acceleration
tube of the STLUND: -~ first session; -—- -- gecond session

radiation In components of the chamber and the compressor stand on 1lines
connecling the point of beam loss and the points of detector installation.
At o rule the absorber was of compound comstruction and consisted mostly
of stainless steel and plass-textolite. The attenuation parameters for

a wide beam of bremsstrahlung In concrete expressed in cm®/g were taken
from Ref. 10. The results of calculatlon of dose rates in rad/hr with
the aceepted assumptions are summarized in Table 1 as compared with
measurement rosults.  The figures in parentheses in the table are the
renults of ealeulation without consideration of beam attenuation In the
compunents of the clectron ring compressor.

TABLE 1
"o int No 1 2 3 4
Measurements | 27 5.4 1 ;6
2 48.7 9 3.6 5.6
. . . ana O ——— — e tmiem e = e —
Cateulation 1] 21.8 (47.4) 3.4 (19.5) 1.8 (3.8) -
21 36.8 (80) 5.7 (33) 4.2 (9) 9 (8.6)
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The radlat ion dose measurements glven in this paper are for the absorbed
dose In the DL, which Is close to the absorbed dose in blologleal tissue,
organic materlals and materials with low atomlc weight. 'T'he measurement
error (about 15%) 1s due mainly to the spread of sensitivities of de-
tectors In a bateh,

Compar ing caleolat tons and measurements, we can state that the described

ideal ized representations of a collective-ion accelerator as a source of

radint lon under operating conditions of capture of the injected beam

enable relatively simple numerical evaluations of the radiation environ-

B ment e lore o an acceelerator with 50% accuracy when using known param-
elors for engincering calculations.

&

RADIATION LOADS ON ACCELERATOR COMPONENTS

The objects studiced for radiation loads are summarized in Table 2. 1n
wring, the handbook data |Ref. 11-14], the absorbed doses of gamma radia-
tlon leading to losses of 50% of the mechanical or electrical properties

TABLE 2
Radiat ion Wkadiation load,
Object Material resistance rad/hr
1imit, rads
1. Acceleration tube|Pyroceram, 10°
a) outside ceramic 2—452
h) inslde 2.10
Impact |Electric
strength{strength
2. Magnetic field Polymethyl 6+107 108 2-450
colls methacrylate 4
K~115 epoxy 74109 | 4-10
compound
1, Inductor N
a) insulator K-115 epoxy 7-10° u'l() 0.4-10
compound |~ ST
1) ferrite rings |ferrite 10% 0.4-10
4. Vacuum seals 7889 vacuum 8-107 2-450
' rubber L

of the materlal were taken as the limit of radiation resistance of the

plven material.
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The work Life of the acceleration tube with radiation exposure is an
tmportant characteristic of induction accelerators, which may limit the
max [mum cloctron beam corrent and the duration of accldent-free accel-
orator operatton [Ref. 16]. Therefore the radiatlon loads on the ac~-
colerat lon tube were consldered in greater detail. The measurements
were done on the outslde of the acceleration tube, and numerical esti-
mates were made for its inner surfaces. The estimates were made for the
tube segment of the fourth accelerating section. The average kinetlic
energy of electrons was about 1 MeV, and losses were evaluated by means
of osclllograms, and amounted to 7.5°1012 el./s. Tt was assumed that
the losses were unlformly distributed, and that the average loss density
was 2+107 ¢l/em’es.  The estimate used calculations of the energy re-
joase in a flat semi-infinite layer of carbon with incidence of 1 MeV
clectrons at an angle of 89° to the normal done by Berger [Ref. 17].
According to Berger, Lhe energy release was tens of MeV'g/el./cm2 close
to the surface, and decreased by a factor of tems at a depth of 0.1 g/cm.
In our case, Lhls corresponds to a radiation load of about 2 Mrad/hr
wear the tuner surface of the acceleration tube. Radiation heating of
the Inside ol the tube in this case 1s about 0.01°C per current pulse.
It Is noteworthy that for a wall thickness of 18 mm in the acceleration
= tube, the change Ln the radiation load from inside to outside is about
four orders of magnitude,

in alfgnment of the accelerator, local electron losses may be 3-4 orders
greater than the density of losses estimated above, and the temperature
dIfference between the surfaces of the inside and outside of the acceler-
atlon tube may reach hundreds of degrees at the instant of completion of
the electron current pulse. Mechanical shocks due to nonuniform thermal
expansfon ol the tube material may lead to microcracks and eventual loss
of electrical, vacuum and mechanical strength. '

Among, the other components of the accelerator, those with the shortest
rad{atton Life are components in contact with the acceleration tube, and
also the magnetic fleld coil core and vacuum gaskets. 'The dose load on
the fervite was evaluated with a correction equal to the ratio of the
cocfltelonts of absorption of photon energy in ferrite and LiF.

When the $1LUND operates on high frequencies [Ref. 16], the radiation
londss miy Increase a hundred-fold, and of course the radiation lifetime
ol o number of accelerator components will determine the working time of
e aceclerator withoul replacement of parts. In this connectlon it is
usefnl to look Tor more radlation-resistant substitute materials, and

to reduce heam losses, especially during alignment of the accelerator.

In conelusion the authors thank G. V. Maslennikov for assisting with the
measurement s.
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INVESTICATION OF TI1E ENFRGY DISTRIBUTION OF FLUENCE AND NEUTRON DOSE AT
LARGE DISTANCES FROM ACCELERATORS

Dubna 1SSLEDOVANTYE ENERGETTCHESKOGO RASPREDELENIYA FLYUYENSA I DOZY
NEYTRONOV NA BOL'SHIKH RASSTOYANIYAKH OT USKORITELEY in Russian, Joint
fnst ltute of Nuclear -Research, R16~12078, 1979 signed to press 19 Apr 79
pp 1-12

[ Paper by M. M. Komochkov, B. V. Man'ko, B. S. Sychev and A. L. Shishkin,
160 coples, 12 pages]|

[Text] 11 is shown that accelerators can be repre-
sented by a superposition of point sources with a
spectrum close to the actual secondary neutron spectrum
on the outer surface of the accelerator shielding in
calenlations of the energy distribution of [luence

and neutron dose at large distances away. For example
(he Laboratory of Nuclear Problems at the Joint Institute
for Nuclear Research (JINR) has used models of an
upwardly monodirectional point source and a source
with tsotroplic emission into the upper hemisphere for
the synchrocyelotron. A comparison of calculations
wilh the resulls of measurements of the fluence and
veut ron dose near the synchrocyclotron has confirmed
the validity of the choice of models, and has enabled
determinat lon of the parameter of anisotropy of such a
source, as well as the contribution of neutrons with
vnergy of more than 20 MeV to the total equivalent
nout ron dose at great distances from the accelerator.
[t t2 noted that using expressions propesed by some
authors for describing the way that equivalent dose
depends on distance may lead to considerable errors in
the catimates of Individual doses.

The work was done (n the Divistion of Radiation Safety.

INTRODUCT LON

The concepls of radiatfon risk [Ref. 11 and nonthreshold action of
lonizing radiation on people [Ref. 2] make Lt necessary Lo consider and
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monltor radlation levels and doses that are not only commensurate with
the permissible values, but also much lower. The consideration of small
Individual doses ls cspecially important when large groups of people are
subjected to irradiation. ‘To some extent, a situation of this kind can
oceur at JINR, where the synchrocyclotron and synchrophasotron are capa-
ble of producing radiation fields with noticeable levels at considerable
dintances,

A number of papers have dealt with measurements and estimates of fluence
and neutron dose al great Mistances (see for example Ref. 3-13). The
principal results of rescarch on the radial distribution of the flux
density of fast neutrons are shown in Fig. 1. The radial distributions
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Flp. 1. Fast ncuatron flux denslties ¢~ﬁ7§m at different distances from

proton accelerators:  (Q--peutron yleld into the air (neutrons per second);
R--dIstance trom Lhe geometric center of the source (meters); - @x-—
perlmental; ==~=- aml -+—<- approximation

are products of the neutron flux density ¢ times 47R? divided by the
neutvon yleld Q from the source per unit of time [Ref. 12-14], and form
a corrldor of values for different accelerators. These distributions
provide the best menns of clarifying the difference in parameters of
neutron transmission In the various media surrounding accelerator facili-
{les. A separale curve on the same figure gives the results of measure-
wentn In the vielnlty of the JINR synchrocyclotron for 660-MeV protons
an detormined In 1967 [Ref. 8]. Comparison of these data with measure-
- ments In the vicinlty of the CERN 600-MeV synchrocyclotron as described
In Ref. 12 shows that the transmission of neutrons in the medium is de-
termined not only by the energy of accelerated protons. The effective
lenpth of attenuation of neutron fluence in the medium surrounding the
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CERN synchrocyclotron [Ref. 12] was nearly three times as long as for
the JINR synchrocyclotron [Ref. 8]. 1In this connection it becomes im-
portant te have a deeper understanding of the physical principles that
determioe neotron passage In the medium behind the shielding of acceler-
ntorn, which witl cnable evaluation of the equivalent doses for persdonncl
and Lhe general populace with more certainty that at present both in the
operatfon and in the planning of accelerators.

In our rescarch an attempt is made to reach these gnals by evaluating the
encrpy distribat fons of neutrons and the doses at different distances
from a synchrocyclotron by experimental and theoretical means.

CALCULATING THE ENERGY DISTRIBUTION OF FLUENCE AND DOSE AT GREAT DIS-
TANCES FROM A NEUTRON SOURCE

Calealat lons of the fleld of scattered neutrons were done on the basis of
a4 method deseribed in Ref. 11 for two types of sources:

1) n wmonodirectional poinl source oriented perpendicular to the surface of
the carths

7) an lsotrople source (in 2n steradians).

The npectrum of the neutron source was characterized as the spectrum of
neutronn leaving the outer surface of a shleld of ordinary concrete

- JRet. 15] with the tnner surface belng bombarded by neutrons with maximum
enerpy of Lhe spectrum at 500 MeV. The spectrum assumed in the calcu-
Iatlons I8 cloge to the neutron spectrum measured at one of the polnts
on the outdide of the synchrocyclotron shield. The water content in the
concroete was laken as equal to 5% by weight. The energy distribution of
the source neutrons by groups is summarized in the Table. The calcula-
tlons were done without consideration of deformation of the spectrum by

TABLE

Relatlve contribution (%) of different energy
groups of neutrons to the overall flux density

: TNg, MoV ]
. | 0.1]0.1-0.5|0.5-2{2-20| >20 Note

Ry, m \

Behind a [19.5 5.3 |10.7 [15.0{49.5Concrete with water content

wall of 0.556% by welght
100 h.7( 7.6 8.9 | 7.8} 1.0
400 62.31 9.5 [11.9 (12.2] 4.1
1000 54.7) 11.7 |14.0 {10.6f 5.0
3000 19.1 9.7 13.7 [19.3 18.2L
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Fig. 2. BEquivalent neutrcn dose H*R? (rem-m?) at different distances
R (m) ftrom a point source

the earth. The content of hydrogen in the air was taken as 0.1% by
welpht [Ref. 16]. Flg. 2 shows the calculated spatial distributions of
the cquivalent dose of neutrons for both types of sources. Curves 1, 2
and 3 apply to the monodirectional source; curves 4, 5 and 6 apply to the
tsotropic source. Curves | and 4 show the contribution to the equivalent
dose from nestrons with energy greater than 20 MeV, curves 2 and 5 show
the contribution from ncutrons formed in the air as a result of scatter-
tny, of source neutrons with energy of less than 20 MeV, and curves 3 and
6 show the equlvalent dose from all neutrons,

The minimum neatron energy was taken as 5+10"8% MeV, 1. e. thermal neu—
trons were not consldered in the calculatioms. The curves in Flg. 2 are
normal lzed (o one source neutron with energy greater than 20 MeV. On the
basis of data of Ref. 11, 18, the contribution of gamma radiation to the
dose equlvalent was taken as negligibly small. The relative contribut ion
of the dIfferent energy groups to the field of scattered neutroms is
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glven in the Table for different distances R from the monodirectional
polinl source.  ‘The peometric ldealization of the problem assumed that

the caleulat fons were bheing done for an Infinite alr medlum and a source
with axial symmetry. OFf course the fact that the ground has a different
composition and denslity must have an effect on the shape of the scattered
veutron spectrum; however, its influence is weaker on such an integral
quantity as the dose equivalent. We feel that the influence of the
alfr-earth interface should be evaluated on the basis of available litera-
ture data, e. g. for a fisslon source under similar geometric conditions.

- EXPER IMENT

The measurement s ol encrgy distribution and neutron dose at different
distances from the synchrocyclotron were made with a Bonner spectrometer
IRef. [5], a boron-filled corona tube or an SNM hellum-filled proportional
counter in a cylindrical paraffin moderator with walls 120 mm thick. The
measurement results are shown in Fig. 3, and are satisfactorily described
by the expression

H<R? = Q[h| xR? +b(hy xRZ - h} xR?) ], (1)

where 1R? fs the equivalent dose rate of neutrons at a distance of R
meters {rom the center of the synchrocyclotron multiplied by RZ, Q is the

v1nr-|-;v':]v|1]‘rr1]rl'|'7 T T
m’[ - A§ ~ cuiext:ouet; lownepa, —_—
e . B} = RPOUOLLAOHGALHMA [eAACIWA
o cuetyax Tuna Cild-18 » - A
- ARNAPKYECKOM JaMEAAHTEAE € -]
. TORTUHOG cTeHoK [2uvm B
= -
o - .
3]
.
o m - .
o
3l 2
- L] —
o) 10° [T -
o - \ 3
ae} o -
L -
10! IllljllLL[_LJj'llllJlllJLLll!lll

o 1,0 2,0 3,0
Flp. 3. . B, km
Equivalent neatron dose H¥R? (premem?/s) for E <20 MeV (1), and total
cqulvalent dose (2) at different distances R (km) from the geometrjc
- center ol a synchrocyclotron:  A--Bonner spectrometer; B--SNM proportional
counter In moderator with 120 mm walls
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yield of neutrons with energy exceeding 20 MeV behind the shielding of
the accelerator, hy and hp are the calculated equivalent dose rates of
neutrons for an upwardly monodirectional point source and an lIsotroplc
emitter into a hemlsphere respectively (Fig. 2), or the "responses"” of
the. detector for different Bonner spheres, and b is a parameter that
acconnts for anisotropy of the source.

The parameter () wis determined in Ref. 11 on the basis of experimental
data of Ref. 19, and is equal to (1.7£0.2)+102 n/s. Many years of
measurements of the levels of induced radicactivity of components of the
synchrocyelotron have shown that the proton current of the accelerator
has inereased by a factor of 1.46%0.46 since 1968-1969. Thus for our
caleulat lons we assumed that

Q=(2.4810.83)-10% n/s.

Uatng caleulated data oo the "regponses" nf the detector in Bonner
apheres (5, 10 and 12 inches) for two configurations, the experimental
data of responses, and formula (1), we were able to find the mean welighted
value of b=0,20610.019.

The ealeculated value of the total equivalent neutron dose at different
distnnces from the synchrocyclotron [formula (1)] is shown in Fig. 3.
Error does nol exceed 33%.

CONCLUS TONS

Annlysis of the glven calculations and experimental data shows that using
n simpte expression tike

‘lkzzk()(l _e“R/u)e—R/A [Ref. 8, 12]

(nee Fig. 1, curve JINR s/c) to describe the way that the equivalent
neatron dose depends on distance may lead to considerable errors since
the A taken as constant in the calculations actually varies with dis-
{ance and is strongly dependent on the geometry and parameters of the
wonree at near distances (300-400 m).

A comparlson of the resules In Fig. 1 and Fig. 3 brings us to the con-
clusion that the tower envelope of the radial distribution function for
fast neutron 1lux density apparently is valid for accelerators with
"pood" Lateral shiclding (the working model 1is an upwardly monodirection-
al point source), while the upper envelope corresponds to the model of
an Isotroplce source emlttiog into 27 steradians.

In closing, the authors thank Ye. K. Gel'fand and A. Ya. Serov, who did
aome of the caleulations for 20 MeV neutrons, and also S. P. Prusachenkov,

V. N. Kulikov and P. A. Matveyev for considerable help with the mea-
surement 8.
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VERIFY ING ‘THE CORRESPONDENCE OF RADIATION MONLTORING DETECTOR READINGS 10
EQUIVALENT AND ABSORBED DOSES 1IN THE NEUTRON BEAM OF THE [BR-30 REACTOR

Dubna PROVERKA ADEKVATNOSTL POKAZANIY DETEKTOROV DLYA DOZIMETRICHESKOGO
KONTROLYA EKVIVALENTNOY 1 POGLOSHCHENNOY DOZAM V PUCHKE NEYTRONOV 1BRa-30
in Russlan, Preprint R16-12122, Joint Institute of Nuclear Research, 1979
slgned to press 21 May 79 pp 1-16

|#aper by V. Ye. Aleynikov, V. A. Arkhipov, V. P. Bamblevskiy, V. V.
Greehko, G. Ya. Kaskanov, M. M. Komochkov, M. I. Salatskaya and A. P.
Cherevatenko, 380G coplies, 16 pages]

[Text ] Research was done to establish the correspon-
dence of detector readings of personal dosimeters to
the equivalent dose in a neutron beam with known
enerpy spectrum. The paper also glves a critical
evaluntion of different ways of determining the equiva-
lent. neutron dose. A comparison is made of measurement
results found by routine monitoring devices on the one
hand, and the most reliable equivalent doses in the
weutron beam on the other. Values established by a
recomb Lnat {on «dosimeter and on the basis of the mea-
aured neutren spectrum were taken as the most reliable
values of the equivalent dose. The data for the two
cases correspond within the error limits. The results
of the work show a wide discrepancy between the readings
: of the investigated personal dosimeters and the equiva-
- lent dose. The low readings of film badges are due in
lurge measure to Incorrect use of the Pu-Be neutron
source for graduating the badges. The method of dose
detormination by indium in a moderator ball, which is
extensively used In practice, gives satisfactory results.
"

1. INTRODUCTTON

In the Tdeal case, devices that register emissions for purposes of radia-
tlon safety should be made and graduated so as to give direct information
on the maximum!cquivalent dose (MED) from external or internal sources
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of radiatfon |Ref. 1]. 1In practice the MED is determined from the re-
sults ol measurements of radiation levels and personmnel monitoring. The
readings of each Instrument used in the measurements must be interpreted

= with conalderndlion of the factors essential for the given device and
dependent on the energy, time and component structure of the radiation
[icld.

This research was undertaken to establish the extent to which the read-
fugy of varlous personal dosimeters correspond to the equivalent dose in
s noutron beam with a known energy spectrum. A critical evaluation is
alro made of different methods of determining the equivalent neutron

donae.
7. INSTRUMENTATION AND MEASUREMENT CONDITIONS

Table | shows the Instruments and methods used in the measurements. Also
1 glven are the approximate ranges of energles of registered radiation, and
the ranges ol measured quantities. It was assumed that the most reliable
values of the total equivalent dose in the beam can be obtained by a
recomh Inatlon dosimeter (RD). The detector of the RD was a plane-
parallel three-electrode lonization chamber analogous to that described
in Rel. 2 with a sensitive volume of 6 cc. The housing of the chamber
was mmle of polymethyl methacrylate, and the electrodes were made of
I fssue-cquivalent plastic with spacing of 2 mm. The chamber was filled
- with a mlxture of propane (73%) and alr (27%) to a total pressure of
1.9 absolute atmospheres. The total thickness of the detector was
equivalent Lo | pfem? of tissue.

tn comparing the readings of neutron-registering detectors, we assumed
that the cquivalent dose calculated by using the neutron spectrum is
closest to the true equivalent dose.

The Ionetrument s and detectors were lrradiated in the beam of the [BR-30
reactor jRef. 12], at distances of 8.5 and 68.5 m from the center of the
vore.  The miin measurements (including measurements with a recombination
. dostmetor) were made at a distance of 68.5 m. Three experiments were
done.  Reactor power was 15-21 kW, and pulse recurrence rate was 5 Hz.
‘The moderator In the flrst experiment was a 40 mm layer of water, and
(n the subsequent Lwo experiments a compound moderator was placed in the
neut ron beam, comprisced of 30 mm of water with boron carbide and a
comb-shaped water Tllter for enriching the beam with epithermal neutrons.
- The peometry of the experiment ls shown in Fig. 1. The LIF detector was
wried Lo evaluate the homogeneity of the radiation field in the beam; no
fuhomepenclty of the fleld was detected within the limits of measurement
- error (~1H7%).

1 The information about neutron spectra was taken from Ref. 13, in which
neutron spectra In the energy range of 10-8-15 MeV were reconstructed by
a4 method of statlstical repgularization from the readings of activation
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¥ig. 1. Ceomolry of the experlment. l--comb-shaped moderator; 2--water
moderators 3, 4--stationary and moving zones of the reactor; 5, 6--
points of comparlson; 7--beam monitor

neut ron detectors (thermal, resonance, threshold), as well as thermal
detectors In polyethylene ball moderators [Ref. 10, 11, 18] (Fig. 2, 3).
For comparison, Fig. 2 glves the neutron spectrum of the IBR-30 reactor
measured by a time-of-flight method [Ref. 12] at a distance of 68.6 m
from the cove. The values of equivalent neutron doses were determined
In Ret. 13 (sce Fig. 4) oo the basis of the neutron spectra, using
cooffelents of conversfon From the fluence of moncenergetic neutrons
to the maximum cquivalent dose [Ref. 1].

Est fmat es made for these spectra show that the equivalent doses calcu-
tated From the sum of the maxlma and from the maximum of the sum of
curvens of depth distribution of radiation for monoenergetic neutrons

- colnelde within Timfts of 1Z.

Dose measurements by the recombination dosimeter RD were done in an
eiliptical phantom (35 x 24 x 20 cm), immersing the chamber into the
phantom right up to Its forward wall, so that the dose measured with the
kD correspomds to a thickness of ~L.4 em of phantom water. The graphite
chamher was Irradlated both with and without the phantom; when irradiated
with the phantom, the center of the chamber was approximately 5 cm from
the surtace of the phantom,  TDK detectors were irradiated both without

o phantoem, and on the surface of a phantom measuring 34 x17x 34 cm filled
with a tissuc-cquivalent iiquid. 1In measuring the dose of gamma radia-
ffon with LIF detectors and the 1KS-A, shields of ByC that attenuate the
thermal neutron flux by a factor of about 103 were used to eliminate

the of feet of theraal neutrons on the detector readings.
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Fig. 7. Neutron spectrum ¢(£)+E at a distance of 68.5 m from the core
ol the 1BR=30 reactor; ¢(E) —-- differential energy dependence of neutron
{lux deaslty, em~2+4~leMev~l; E -~ neutron emnergy, MeV; ® —- data of
Ret. 13: ~  ~- according to data of Ref. 12

T RESULTS

The values of Lhe equivalent dose of neutrons measured by varlous de-
fectors al a distance of 68.5'm from the center of the reactor core are
shown In Table 2. The last column gives the ratios of the measured
quant it les to the equivalent dose calculated by using measured spectra
and coctflelents of conversion from the fluence of monoenergetic neu-
trons to the maximm cquivalent dose. Table 3 gives the values of the
total absorbed and equlvalent dose rates of neutrons and gamma radiation,
and the ratlo of thelr doses to those measured by the recombination
dosimeter RD.

bata From comparlson of detector readings with irradiation at a distance
of 8.8 m Iram the core are shown in Table 4. 1In the estimates of the
errors o measurement of the equivalent dose rates by the indium detector
in the moderator and measuremeat of the neutron spectrum, consideration
win Laken of the error in graduation (~10%) and in measurement of the
radlonctivities of the detectors (3-7%) . .
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The error In determination of the equivalent dose by recombinat ion
dosimeter RD does not exceed 20%, and Is due chiefly to the systematic
error In determinat fon of the quality factor [Ref. 14].

The ervor ol the [FRn results glven In the tables fs 104 (mean square
eiror), and s due Lo the statistical error (~5%4), the error ln deter-
mining the graduatfon coefficient with respect to the PutBe source (477)
and uncertainty of monitor readings (3-5%).

The readings of the Ti.D-600 and TLD-700 detectors are shown with an error
ol about 8% duc mainly to inaccuracy in graduation. The ervor of results
oblalned with "™U-1iF detectors does not exceed 20%.

Satlsiactory experimental agreement (within #15%) was observed in mea-
surements of the dose of gamma radiation by the KG graphite chamber
X-ray ORWO film in an IFK cassette, 'LiF detectors (TLD-700) and rlaE'LiF
powder In a B,C shield. The dose of thermal neutrons determined from
readings of the TLD-600 and TLD-700 by using the sensitivity of the
TLR-600 to thermal neutrons is equal to 80-84 r/rem [Ref. 15, 16], which
agrees within about 15% with the dose determined from activation of

pold deteetors.

AL DISCUSSTON OF ‘I RESULTS

In order to find the reasons for divergence between TFKn results and

data obtained by the recombination dosimeter and spectrum, the reaction of
the 1FKn dosimeter was caleulated on the basis of knowledge of the neu-
tron spectrum in the beam, and the way that dosimeter sensitivity depends
on facident neutron energy. Agreement within a few percent between the
number of tracks found in this way and the number found in examination

of ¢mulslons under the microscope is an indication of the satisfactory
quality of exoaminat ion when processing individual dosimeters. However,

It Is fncorrect in this case to uwe the graduation coefficient obtained
from the PutBe neutron source for determining the individual equivalent
dose,  Calculatlon of the IFKn sensitivity to fast neutrons (EZ0.5 MeV,
vontribut ing about 75% to the equivalent neutron dose) averaged over the
nentron spectrum shows that this sensitivity is about 2/3 of the value
for the PutBe source. Because of this, plus the fact that 20%Z of the
total neutron dose remalns practically unrecorded by the TFKn dosimeter
IRef. 19], only 60% of che most probable neutron dose is recorded in the
besm of the 1BR=30 reactor.

The overstatement of the absorbed and equivalent dose by the REM-2 re-
comb inat fon dosimeter is probably due to the elevated (relative to the
tissue~cquivalent composition) hydrogen content in the gas filling the
chamber of the REM=2.

The data given in tables 2-4 show a good outlook for using TLD detectors
based on LiF In personnel monitoring on the reactor, although further
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Atudies are necded on the readings of such detectors when they are cx-
posed Lo seattered neutron fields.

The tollowiag conclusions can be drawn from analysis of the results:

1. The widely used (FKo dostmeter, when graduated by a PubBe source,
understates the equivalent dose by a factor of 1.7 as comparced with

that found by researchers operating in fields analogous to the neutron
ticld in rhe beam of the [BR-30 reactor. In this connection, graduation
should be done with sources having a neutron spectrum closer to that of
the reactor.

2. The numerlcal value of the dose in roentgens on the nat.; iy emergency
dosimeter |Ref. 17] can serve as an estimate of the equivalent dose
(understates the dose by 35-40%).

1. The KID-2 doslmeter overstates the gamma radiation dose due to nuetron
reglstration by the instrument.

h. Data lound on the basls of neutron energy spectra show completely
- asatinfactory agreement with RD daté (within the limits of error).

. The method widely used in practice of determining the equivalent dose
by & thermal neutron detector (indium in the given instance) in a poly-

cthylene ball 25.4 ¢m In diameter and in a paraffin ball 28 cm in diam-

oler plves satlslactory results.

The suthors thank coworkers in the radiation control group on facilities
of the Neutron Physics Laboratory and the personnel monitoring group for
ausiatance in doing the experiments and for processing the readings of
the IDK detecturs. )
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upe 539.1 (076.1)

LABORATORY MANUAL (N NUCLEAR PHYSICS

Moscow SBORNIK LABORATORNYKH RABOT PO YADERNOY FIZIKE in Russian 1979
slgned to press 3 Apr 79 pp 2-5

Annotatlon and Table of Contents from laboratory manual edited by pro-
fossor K. N. Mukhin. Second edition. Moscow, Atomizdat, 1979, 5800 coples,
272 pagen |

| Text ] 'This book considers problems in the areas of radloactivity, nuclear
apectroscopy, neutron physics, the physics of elementary particles, the
phystes of cosmle rays,the methods of the applications of nuclear physics
ote.  The proposed laboratery manual (the first editlon was printed in 1970)
mikes Lt posslble for students to obtaln the necessary complex of practi-
enl knowledge and work habits with modern equlipment and modern research
mothods in the area of nuclear physics. The manual includes new in prin-
clple material (work with on-line computers, computer processing of mea-
snrament data, the use of modern electronics in nuclear physics experiments).

Tho manual s lntended for upperclassmen in physlo-technical and engineering-
physles lnstltutes speclalizing in the area of nuclear and applied physics,
s well as students In VUZ and VIUZ [Higher technical educatlonal institu-
tlon| Ln which a course on nuclear physics ls given.

29 Lublos; 108 flgures; bibliography contains 41 1tens.

" ''nbie of Contents

Introduct.ion 6
Part 1. Experlmental Nuclear Physlcs 6
Chapter 1. HRadloactlvity and properties of unstable nuclel 6

Test No 1. Lnvestigation of the accumulation of artificlal
radloactlvity when irradiating elements by

thermal neutrons. Determination of the half-
1ife period 10
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‘Past No 2. Measurement of the half-life periods of radiocactive

isotopes of silver 16
Tout No 3. Determinatlon of the coefficlent of internal con-
%
veralon of -y —quanta In transitlon lgg Hg — 16933 Hg. 22
Tout No 4. Study ot the g -spectrum of radloactive 1sotope
198 Au by means of a magnetic beta-spectrometer 29
- 79
Tost, No 5. Measurement of the average lifetime of the isomeric
stato of tantalum 37
Tast No 6. Mensurement of nuclel characteristics by means of
the Mossbaner Effect 42
Test No 7. Study of successive transitions of the excited
nucleus of lron-57 S4
Bibltography 62
Chapter 2, Interactlon between radiation and matter 63

Taut No 8. Determlnation of the mass of singly-charged

particles recorded in nuclear photoemulsions 63
Toul No 9. Determlnatlon of the charge of multiply-charged particles

of cosmic radiation by counting J -electrons in a

nuclear emulsion 67
Test No 10, [nvestigation of absorption of p-radiation In lead
and alumlnum 71
Teut No 11. Determination of the 1life of positrons in matter 76
Test No 12. Investigation of positron annihilation by the .
angular correlation method 89
Tost No 13. Preservatlon of P-parity at positron annihilation o
B1bl Lography 102
Chapter 3, Neutron physics 103

Toat No 14. Measurement of thermal neutrons flux by memns
of radloactlive detectors. Determination of
absolute actlvity of p-particle sources 103
Teal No 15, Study of spatial distribution of slow and thermal
neutrons in water and evaluation of cross section
of absorptlon of thermal neutrons by hydrogen 112
Teut No 16. Determination of coefficient of diffuse reflection
- of thermal neutrons from paraffin 119
Toxt No 17. Measurement of resonance energles of neutrons by
the boron absorber method 123
. Tesl No 18, Obtalning polarlzed neutrons by reflection from
a2 magnetized cobalt mirror and investigation of the
processes of thelr 4apolarization 129
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Chapter 4.  Nuclear reactlons and nuclear fission

Toal. No 19.

Teal No 20,

Tout, No 21,

Bibllograp!
Chapter Y.
Teal. No
Tonl, No
Tout No
Tout, No
Tayl. No
Toat No
Taat No

hy
|
22.

23.

Bibl Logranphy

Chaptor 6.

Toul No

Test No

Study of reactlon kinematlcs of nonelastlc
scattering of neutrons 12 g (n, n)3g He in

nuclear emulsions

Determination of cross sections of nonelastic
interactlion between 4T -mesons and nuclel
Determination of fission fragment yleld when
235U and 238U are bombarded by reactor spectrum

neutrons

omentary partlcles

Study of the decay scheme of a

positive pion

Determlnatlon of the mass and lifetime of K-mesons
the /A -hyperon

Study of pp-scattering at proton energy of 660
MeV

Dotermination of constant of unjversal weak
interactlion from average lifetime of M=meson
Study of the decay scheme of the

noutral pl-meson

Inveatlgation of the energy spectrum of pesltrons
in (W—» M —> e )-decay

verification of p-meson decay scheme and the
determinatlon of 1its quantumcharacteristics

Cosmic radiation

29,

30.

BLbl lography

(bservatlion of the cosmic radiation muons

and evaluation of thelr mean energy on the surface
of the earth

Study of cascade showers by calorimeter
tonlzation

Part 2. Processing the Resultsof the Physical Experiment
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Chapter 1. Statlstical analysis of experimental results

1. Statistical 4istribution

2. Calculation of root-mean square errors
3., Estimatlon cf background

4, Efficient choice of measuremen:t time
5. Method of least squares

6. Criteria of congruence

Chapter 2. Use of mathematical processing methods in
laboratory problems practice

7. Processing exponential relationships by the least square
method on the"Mir-1" computer (tests Nos 1, 5, 10)

8. Problem of separating two exponential relationships

9., Methodological developments for individual laboratory tests

Chapter 3. Communications systems of physical installations with
computers

10, Automation of the physical experiment
11, Computer in the process of processing photographs
12, Communications system with computer when processing
spectrometric data
Bibliography

Addendum. Description of electronic modules used in present
practice ¢

COPYRIGHT: Atonizdat, 1979
[158-2291]

2291
CSO: 1862
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UDC 621.039
NUCLEAR TECHNOLOGY

Moscow YADERNAYA TEKHNOLOGIYA in Russian 1979 signed to press 27 Jul
79 pp 2, 334-336

[Annotation and Table of Contents from textbook for VUZ by V. P. Shvedov,
V. M. Sedov, I. L. Rybal'chenko and I. N, Vlasov, Moscow Atomizdat 3850
copies, 336 pages |

[Text] The basis of this textbook are lecture courses given for
several years at the Eningeering Physio-Chemical Department of the
Leningrad Technological Institute imeni Lensovet.

The book discusses practically all problems related to the technology
of producing and reprocessing nuclear fuel. Designs of nuclear reactors
and problems of their operation are considered, as well as the problem
of rendering radioactive wastes harmless. Principles of designing
plants, technological equipment and laboratories for radio nuclides

are discussed. Serious attention is devoted to the deactivation of
buildings and equipment of radio-chemical production facilities and

the preservation of the environment.

The textbook is intended for students of technological and polytechnical
VUZ and universities specializing in the radio-chemical processes of
nuclear power and radio-chemistry; it may also be useful to specialists
involved in water purification technology and rendering radioactive
wastes harmless, the deactivation of equipment and protection of the
environment.

107 pictures, bibliography contains 56 items.

Table of Contents

Foreword 3
Introduction 4
Part. 1 Principles of the Nuclear Fuel Cycle 7
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Chapter 1. Reactors

1.1. Nuclear chain reactions

1.2. General principles of reactor imstallation
and operation

1.3. Nuclear processes and amount of secondary
nuclear fuel and fission products formed

. in the reactor

1.4. Basic types of reactor in the Soviet Union

and abroad

Chapter 2. Nuclear fuel and changes occurring in
it in the reactor cycle
2.1. Nuclear fuel on the basis of uranium and
its compounds
2,2. Plutonium, thorium, their alloys and
compounds used in the reactor cycle

Chapter 3, Materials for fuel cladding and
other design materials
3.1. Basic design materials and the effect of
ionizing radiation on them

Chapter 4. Fuel elements
- 4,1. (Classification and basic requirements for
the design of fuel elements

Chapter 5. Coolants and their basic properties

5.1. Decomposition of water under the action
of radiation

5.2, Organic coolants-moderators

5.3. Liquid metal coolants and their behavior
when irradiated

5.4, Gas coolants, their radiation stability
and corrosive action

Part 2. Technology of Reprocessing Irradiated
Nuclear Fuel

Chapter 6. Reprocessing irradiated fuel elements
6.1. Cooling irradiated fuel elements
6.2. Mechanical methods for processing fuel
elements
6.3. Chemical methods for removing cladding
6.4, Dissolving nuclear fuel
6.5. Purifying solutions after dissolution
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Chapter 7. Precipitation processes of reprocessing
irradiated nuclear fuel
7.1, Precipitation processes for separating
out and purifying plutonium
Chapter 8. Extraction processes for reprocessing
irradiated nuclear fuel
8.1. Basic laws for extraction processes
8.2. Extractants and diluents used in reprocessing
nuclear fuel
8.3. Extraction of irradiated nuclear fuel by
hexone and butex
8.%. Reprocassing irradiated nuclear fuel by
TBP [Tributyl ohosphate] extraction
8.5. Chemistry of the TBP extraction process
- for irradiated nuclear fuel! :ontaining
W, Pu and fission products
8.6. Extraction by means of chelate forming sub-
stances
8.7. Separation of 233y and Th by extraction
wethods
8.8. The use of extraction by amines in reprocessing
irradiated nuclear fuel
8.9. Obtaining 237Np, 233pu, 241pm and 244Cm
Chapter 9. Refining and metallurgy of plutonium
9.1. Extraction refining
9.2, Sorption refining
9.3. Precipitation refining
9.4, Obtaining plutonium dioxide and anhydrous
halides
9.5. Obtaining metallic plutonium
Chapter 10, Fission products
10.1. General characteristic of fission products
10.2. Cesium~137
| 10.3. Strontium-89, 90, borium-140
10.4. Zircenium and niobium
10.5. Ruthenium-103, 106
10.6. Radionuclides of rare earth elements
Chapter 11. Anhydrous methods for reprocessing
nuclear fuel
11.1. General characteristics
11.2. Separation processes based on various
- volatilities of fluorides
11.3. Pyrometallurgical processes

Part 3. Baglneering Problems in Operating Radiochemical and other

ARU [Atomic power installation] Systems
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Chapter 12. Storing and transporting spent

nuclear fuel

12.1. Basic ways to solve the problem of treating
spent nuclear fuel

12.2. Storing and maintaining spent nuclear fuel

12.3. 1International requirements for safe
transportation

12.4. Methods of and experience in transportation

12.5. Basic rules for designing packing outfits

12.6. Container design

Chapter 13. Water-chemical regime of nuclear power
installations
13.1. Organizing th> water-chemical regime of AEU
13.2. Behavior of contaminations in AEU loops
13.3. - Radioactive admixtures in coolants
13.4. Physio-chemical processes occurring in AEU
loops

Chapter 14, Purification of coolants in nuclear power
installations N
14.1. Methods for purifying reactor water
14.2. Methods for purifying turbine condensate
14.3. Purifying waters in auxiliary AES systems

Part 4. Technology of Rendering Radioactive Wastes
Harmless

Chapter 15. Characteristics of radioactive wastes
15.1. Sources of the formation of radioactive wastes
15.2. International legal-norm aspects of handling
radioactive wastes
15.3. Radioactive wastes and environment

Chapter 16. Collecting and transporting radioactive
wastes
16.1. Principles of collecting radioactive wastes
16.2. Transporting radioactive wastes

Chapter 17. Purifying liquid wastes of low and medium
level of activity
17.1. Precipitation purifying methods
17.2. ©Purifying by evaporation
17.3. Purifying by ion exchange
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Chapter 18. Reprocessing and solidifying concentrates

and pulp of medium and low levels of activity 224
18.1. Methods for reducing the concentrate and

pulp volume 225
18.2, Cementing liquid radioactive concentrates 227
18.3, Bituminizing liquid radioactive concentrates 230

Chapter 19. Storing and reprocessing highly active

liquid wastes 237
19.1. Storing highly active wastes in tanks 237
19.2. Concentration of highly active wastes by
evaporation 239
19.3. Solidifying highly active solutions by
calcination 240
19.4, Vitrification of highly active concentrates 242
19.5, Enclosing wastes in a metal matrix 246
Chapter 20, Handling solid radioactive wastes 248
- 20.1. Sorting solid wastes 248
' 20.2. Mechanical methods for reducing the
volume of soiid wastes 249
20.3. Burning solid radioactive wastes 252
Chapter 21, Disposing of radioactive wastes 256
21.1. Disposing of liquid wastes in rivers, seas
and oceans 256
21.2. Burying liquid wastes underground 260
) 21.3. Storing solid radioactive wastes 263
Chapter 22. Purifying radioactive gas wastes 265
22.1. Scattering radioactive contaminations in the
atmosphere 266
22.2. Purifying aerial discharges of aerosol
contamination by precipitation 268
22.3. Purifying aerial discharges of aerosol con-
taminations by filtration 270
22,4, Purifyiug aerial discharges of radioactive gases 275

Part 5. Deactivation of Equipment and Buildings of

Installations of Nuclear Fuel Cycle 280
Chapter 23. Tnteraction between radioactive substances
and the surfaces of colids 280
23.1. Interaction between dust particles and surface 280
23.2. TIon-exchange adsorption 284
23.3. Precipitation 289
- 23.4, Penetration of radioactive contaminations 292
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- OPTICS AND SPECTROSCOPY

UDC 621.314.26

FOUR PHOTON PARAMETRIC RESONANCE UPCONVERSION OF AN INFRARED SIGNAL
FREQUENCY IN A BROAD BAND PUMPING FIELD

- Moscow KVANTOVAYA ELEKTRONIKA in Russian Vol 7, No 6, Jun 80 pp 1348-
1349 manuscript received 8 Jan 80

[Article by N.A. Iskanderov, V.A. Kudryashov and I.N. Matveyev]

[Text] The process of parametric upconversion of

an IR signal frequency for the case of two-photon
pumping resonance, the spectral width of which
significantly exceeds the characteristic widths of
the lines of the atomic transitions, is analyzed
theoretically. It is shown that the maximum steady-
state conversion efficiency in a broad band field
differs only to a minor extent from the maximum
conversion efficiency in a regular and monochromatic
field. A dynamic gain in the IR signal conversion
efficiency is possible in the nonsteady-state inter-
action mode.

- Four-photon parametric resonance upconversion of a frequency in regular
and monochromatic fields has been studied rather completely and in
detail {1, 2]. However, in the experimental realization of this pro-
cess, the pumping spectral width was significantly greater than the
characteristic width of the atomic transition lines [3, 4].

The process of four—photon upconversion of an IR signal frequency is
treated theoretically in this paper for the case of two-photon reso-
nance of a specified pump field, The problem is solved taking into
account the relaxation processes which occur when the field is turned
on, che complex amplitude of which is steady-state and gaussian, while
the frequency spectrum is lorentzian or gaussian with a width of
Aw >> Til2 <T1,2 are the relaxation times for a two-level system).

, .
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In approximating the specified pump field and IR signal, the system of
- equations which describes the frequency conversion process under
consideration, has the form [2]:

Tln-t-n——no_p A? pA;Q'

TQP'T‘(I‘.“'érz)P’_ - /: Ar‘[‘nv
24, (1)
2 = TepAs.

Here, n 1is the difference in the populations of the lower and upper
- levels; p 1is the polarization; the function A[__vf?51v5f§f’gl is

proportional to the complex amplitude éEz (I = 1 for pumping, 2 for an
infrared signal and 3 for the converted radiation) of the field Ez(t) =

= =g,(x)g“ml‘_+cgmp.¢qnj L (1==0); E,(t<0)j——0; 'Y;=“|"(T3/T1)'./'x; 8=y —20+Q,+ Ry

and the remaining symbols are the same as in [2].

The normalized average IR signal conversion efficiency is n = 4pp*. We
shall assume that the pump spectrum width, Aw, excited by the two-photon
transition, satisfies the relationship 8wl 2 >> 1. This condition makes
it possible to consider A2(t) as complex white noise, for which:

CANHAS(t+1)>=C(x), @

where the correlation constant is C = AI%/Am for a lorentz spectrum and
C= (ﬂ/2)4IE/Aw for a gaussian spectrum. 1I; is the integral pumping field
intensity.

By employing the averaging procedure given in [5], we derive the following
gsystem of equations for the determiration of the timewise evolution of
Pp* taking (2) into account:

Ty (14500 7 = ayng,
T2+ 20, {1+ 1/4a,C)R? = 2a3CPP" + 2a,m7,

-P-F;'i'zaz (1 +]/4("1C')-PF7=1/AG§C';'2. 3)

where a} = 1/T; and ap = 1/T2.
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In the steady-state conversion mode, where the time derivatives in (3)
can be disregarded, we find for the normalized average conversion effic-

iency:
- y .
=TT F (T F a2y | %)
where y = a,C/2.
) When
y=1VTTarze, ()

the conversion efficiency of (4) has a maximum value of:
- Nmax = 1/(14+ VT Faya, ),

which differs only slightly from the maximum conversion efficiency in a
regular and monochromatic field. Since C depends both on I; and on

Aw, then cordition (5) can be treated in two ways: as determining either
the optimum intensity for a specified Aw, or the optimum spectral width
for a specified Ij. It should be noted that the calculation of the opti-
mum intensity from formula (5) and the average conversion efficiency

from formula (4) is correct only for the condition where BuTy 9 >> 1.

The average IR signal conversion efficiency M is shown in Figure 1 as

a function of the correlation constant C. It should be kept in mind that
for the same values of Ij and Aw, the correlation constant depends on

the form of the frequency spectrum, and in particular, where a,C/2 << 1,
when the two-photon transition saturation effect is not manifest, the
parametric frequency conversion in a pumping field with a gaussian fre-
quency spectrum is (7/2)1/2 more efficient than in a field with a lorentz
frequency spectrum.

The numerical solution of (3) on a computer shows that in the steady-
state conversion mode, it is possible to have a dynamic gain in the con-
version efficiency, something which is also illustrated in Figure 2.

The results of thts paper are generalized without difficulty to the case
of (k + 2)-photon resonance parametric upconversion of an IR signal fre-
quency for the case of k-photon resonance of a spetified broad band pump
field, by the following substitution of the form of the correlation -
constants: C = 4(k - 1)!I§/Au>for a lorentz spectrum and C = 2k!I%/Am/E7F
for a gaussian spectrum.
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Figure 1, The steady-state convers-
ion efficiency as a func~
tion of the correlation
constant (Tp = U.1T1).

Figure 2. The timewise evolution
of the conversion effici-
ency (Tp = 0.1T3) when
@pC/2 =1 (1), 5 (2) and
10 (3).

e
7 7 2 3 ¢

The authors are deeply grateful to Yu.Ye. D'yakov for the useful
discussions.
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UDC 621.373.038.84

THE RADIATIVE CHARACTERISTICS OF A QUARTZ CONTAINED PLASMA DYNAMIC
DISCHARGE IN THE 200 TO 250 NANOMETER RANGE

Moscow KVANTOVAYA ELEKTRONIKA in Russian Vol 7,No 6, Jun 80 pp 1340-
1342 manuscript received 9 Dec 79

[Article by G.N. Kashnikov, V.K. Orlov, A.N. Panin, A.K. Piskunov and
V.A. Reznikov]

[Text] The characteristics of radiation in a range
of 200 to 250 nm from the region of shock interaction
of plasma flows produced in a quartz tube by two
magnetoplasia compressors are studied. With a pulse
width of a few microseconds, a radiation brightness
temperature of 27,000° is achieved at a wavelength of
205 nm.

It was demonstrated in the literature [1, 2] that with the passage of
high power ultraviolet radiation, reversible opaqueness of quartz is
observed in a spectral range of A < 300 mm. The studies were carried
out with relatively long electrical discharge pulses (30 to 300 usec).
The reversible opaqueness was explained by the vaporization of a fine
layer of quartz heated by the UV radiation up to 3,000-4,000° and the
absorption of the radiation by the quartz vapors. Gas protection of the
quartz surface was studied in.paper [2] using CO molecules as a filter,
where these are formed during the vaporization of polyformaldehyde ex-
posed to the radiation. A radiation brightness temperature of 19,000°
was achieved in the 200 nm range. A portion of the discharge radiation
in such a design is lost in the lattice of the polyformaldehyde placed
inside the quartz source.

It is of interest to study the transmission of short wave UV radiation
through a quartz wall under conditions of high power short electrical
discharge because of the fact that the mechanism for reversible opaqueness
should have inertia.
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Figure 1. The current pulses of the MPK's
[magnetoplasma compressors]
(a) and the radiation at A =
= 205 nm (b) of the shock inter-
action region of the plasma
dynamic dishcarge where Egj =
=2,5 (1), 2 (2) and 1.4 KJ
(3) (the horizontal sweep 1is
5 usec/division).

Figure 2. Radiation pulses at A =
= 220 (a) and 250 nm (b)
of the plasma dynamic dis-
charge for Ee1 = 2.5 (1),
2.2 (2), 2.0 (3), 1.7 (&)
and 1.3 KJ (5) (the hori-
zontal sweep is 5 usec/
/division).
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Figure 3. The MPK current pulses (a)
and the radiation at A = 205 mm
(b) of the plasma dynamic dis-
charge where Eg; = 5.8 KJ
(the horizontal sweep is 10
psec/division).

The studies were performed with a quartz source in the region of shock
interaction of plasma flows produced by two magnetoplasma compressors
(MPK) of the erosion type, orerating into each other. The configuration
of the experiment is similar to that given in paper [3] and consists of
two MPK's, placed at the end faces of a quartz tube made of KU-2, 280 mm
long with an internal diameter of 40 mm. The volume of the source was
pumped out down to 2 - 10~2 mm Hg through annular gaps between the ex-
ternal electrodes of the MPK's and the quartz tube. Power was supplied

to each MPK from a capacitor with the following parameters: C = 80
microfarads, U = 8 KV and L = 20 nanohenries. The width of a half period
of the current pulse of the resonant circuit was T/2 = 7 psec, the attenu-
ation was R/2L = 6 - 10" sec~l and d1/dt = 8.3 - 1010 a/sec. The energy
delivered to the plasma was 0.5 times the energy stored in the capacitors.
The discharge was initiated by feeding a high voltage low power pulse

(0.1 J, 2 usec) to an additional electrode installed on the external
electrode of each MPK. The radiation brightness temperature was measured
with an ISP-30 spectrograph operating as a monochromator, and a F-7 photo-
detector, installed at the output of the spectrograph. The circuit was
calibrated using an EV-45 reference calibration source.

A dense plasma formation about 14 cm long arises in the region of shock
interaction in the quartz tube. Oscilloscope traces of the radiation
pulses of the shock interaction region in a wavelength range of 205 nm
with a spectral width of 3 mm are shown in Figure 1b, while oscilloscope
traces of the radiation pulses in a wavelength range of 220 mm with a
spectral width of 6 nm are shown in Figure 2a. The delay of the light
pulse with respect to the discharge pulse was 3 usec, which corresponds
to an initial propagation velocity of the plasma flows of about 50 km/sec.
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With an energy input into the plasma of Egi = 2.5 KJ, the maximum
- radiation power is achieved in the second to third microsecond, after
which there follows a falling off, which is due to the vaporization of
the wall of the quartz tube and the blocking of the discharge radiation.
The maximum brightness temperature Ty of the A = 205 nm radiation amounts
to 27,000°. The waveform of the radiation pulse of the plasma in frent
of the quartz wall can be estimated from oscilloscope traces of the
radiation at A = 250 nm (Figure 2b), for which there is no significant
- absorption by the quartz, something which is confirmed by the linear
dependence of the radiation energy on the energy input into the discharge.
The radiation pulse width at a wavelength of A = 205 nm (Eel = 2.5 KJ) is
cut in half at the half-height value as compared to the similar parameter
for radiation at A = 250 nm, while the maximum is shifted towards the
onset of the discharge With a reduction in the energy input, the re-
- . versible opaqueness effect is less pronounced, something which leads to
; a widening of the first peak and a rise in the amplitude of the second
radiation peak, correspondirg to the second half-pericd of the current
pulse (see Figure 1). With a change in the energy input into the dis-
charge, the radiation power distribution at A = 205 and 220 nm in the
second peak is the inverse of the distribution in the first peak. The
losses due to absorption by the quartz increase by the 13th microsecond
by a factor of three to four with an increase in Egj from 1.5 up to 2.5
KJ. Keeping in mind that the rate of vaporization of the quartz is
equal to 10 to 20 cm/sec [1], the absorption €actor K of the quartz in
the 13th microsecond amounts to 104 cm-1, a t_.gure which is approximately
- an order of magnitude higher than the measured values of K in the indi-
cated literature for X = 250 nm.

Anoscilloscope trace of the radiation pulse at A = 205 nm of the shock
interaction region of MPK plasma flows powered by electrical pulses with
a width of T/2 = 26 psec and a total energy in the plasma of 5.8 KJ is
shown for comparison in Figure 3. The maximum radiation brightness
temperature is Tp = 22,000°, while the bulk of the radiation energy is
lost due to rerersible opaqueness of the quartz.

- Thus, the quartz of the source, based on a plasma dynamic discharge, can
pass radiation pulses with A = 200 nm and Ty = 27,000° having a width of
_ a few microseconds without significant losses because of the inertia of
- the mechanism of reversible opaqueness of the quartz. A further rise
- in the radiation brightness temperature is possible in the spectral range
congidered here with an increase in the rate of energy input into the
discharge by the MPK's and the use of more difficultly fusible optical
material instead of quartz (for example, leukosapphire). This type of
optical source can find applications in pumping photodissociation lasers
in the visible and ultraviolet band using vapors of I [4], XeFp [5]
and HgBro [6].
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